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PREFACE. 


Competition among underwriters has reduced the cost 
of insuring manufacturing property to the lowest prac- 
ticable approach to the actual risk involved; and the 
expense of insurance cannot be lessened in any other 
manner than by diminishing the hazards of fire. 

The relation of this book to the subject of underwrit- 
ing is entirely an indirect one; being addressed to the 
manager and the builder, whose efforts are the only 
forces adequate to reduce the risk of fire and its attend- 
ant evils. 

The first portion is devoted to a consideration of those 
matters of equipment and general management which 
experience has proved to be efficient in the fire protec- 
tion of mills. Especial reference has been given to au- 
tomatic sprinklers operated by the melting of an easily 
fusible alloy; because their use has been chiefly limited 
to the textile mills of New England, where their ade- 
quacy in every emergency during the last four years 
has established their intrinsic worth. There seems to 
be no reason against their general introduction into all 


industrial establishments, as experience shows them to 
iii 
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be a guard over property, requiring neither presence of 
mind nor vigorous action to put them in operation at 
time of need. 

The records of the Boston Manufacturers’ Mutual 

’ Fire Insurance Company have been referred to, because 
they furnish an accurate register of a more extended 
experience upon the subject of mill fires than exists else- 
where. ; 

The question of electric lighting has been considered in 
reference to essential precautions against fire, and its 
practical operation for lighting, rather than from an 
electrical stand-point. 

The injurious effects of vibration upon machinery are 
so gradual in their nature that the problem has not re- 
ceived the consideration which it deserves; and in call- 
ing attention to the subject, the writer believes that he 
has stated for the first time the analogy existing 
between the tremor of a mill floor and those princi- 
ples governing the vibration of plates which were first 
enunciated by Chladni. ’ 

The second portion of the book treats of the restric- 
tion of injury from fire, by means of the application of 
sound principles of building pertaining to slow-burning 
construction. 

It is true that the theories of bending moments, and — 
of flexure used in treating the resistance of materials 
against rupture and deflection, are based on certain 
assumptions, but they agree nearer to facts than our 
knowledge of the coefficients derived from experimental 
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researches. The wooden beams and plank used in mill 
construction give results much closer to the theories of 
mechanics than iron beams and girders of irregular cross 
section, 

Regarding the strains in the plank of a storehouse 
floor as those due to a concentrated rolling load, is orig- 
inal with the writer, and it is believed that the results 
agree more closely with good practice than when com- 
puted in the usual manner. 

In the consideration of the limits of deflection of mill 
beams in regard to their curvature, the results are ex- 
pressed in terms of the amount of distortion which the 
machinery ought to withstand, instead of limiting the 
deflection to a direct ratio of the span. These pro- 
cesses are rendered more easy of application by the 
use of the tables. 

The record of the crushing of columns is believed to 
be the only tests of actual full size wood mill columns 
which were ever made; and this work was only rendered 
possible by the Emery Testing Machine, at the United 
States Arsenal, Watertown, Mass. 

The writer has made constant use of algebraical 
processes and formula, because he knows of no other 
method of deducing the various expressions for the 
resistance of materials from the principles of mechanics. 

The text is freed from mathematical processes as far 
as possible by placing such matter in foot-notes; and 
those formula liable to be in most general use have 
also been gathered together in a summary. 
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These formula are used to assist experience, but 
not to take the place of it. As the eloquent historian 
has said: 


“Tf the engineer, who has to lift a great mass of real granite by the 
instrumentality of real timber and real hemp, should absolutely rely on 
the propositions which he finds in treatises on dynamics, and should 
make no allowance for the imperfection of his materials, his whole 
apparatus of beams, wheels, and ropes would soon come down in ruin, 
and with all his geometrical skill, he would be found a far inferior 
builder to those painted barbarians, who, though they never heard of 
the parallelogram of forces, managed to pile up Stonehenge. 

“Tt is most important that the architect who has to fix an obelisk 
on its pedestal, or to hang a tubular bridge over an estuary, should 
be versed in the philosophy of equilibrium and motion. But he who 
has actually to build must bear in mind many things never noticed by 
D’Alembert and Euler.”—A/acaulay's History of England, Chap. XI. 
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INTRODUCTION. 


Tue reduction of taxation furthers prosperity by 
adding to the accumulations of industry, and increasing 
the capital in a community. 

The fire tax is the heaviest single tax in this country; 

- the cost of fire insurance and fire departments together 
has amounted to over one hundred and twenty-five mill- 
ion dollars, annually, during the last five years. If the 
losses can be decreased, the cost of insurance will di- 
minish in like ratio. 

Most of this vast sum is the price paid for ipcompe- — 
tent management and hazardous construction, and the 
means for its diminution are wholly within individual 
control. ; 

The question of defence against fire obtains but little 
attention from those in charge of property, the whole 
matter being abandoned to the public fire departments, 
in a manner that is without parallel in shifting the other 
responsibilities of business. This is, indeed, a tribute to 
the efficiency of fire departments; and, were not that 
portion of our local governments administered with ex- 
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traordinary ability, our cities would constantly be ravaged 
by conflagrations. 

The owner is as truly the natural defender of his 
property against fire as against theft. This principle 
is incorporated in the statute law of France. 

The prompt and intelligent effort of occupants will ac-— 
complish more in subduing a fire than the endeavors of 
brave firemen summoned after a delay. The endeavors 
of the firemen are too often futile, because the hollow- 
ness and sham of general construction embodies every 
device and arrangement to secure complete destruction 
whenever a fire begins its consuming course. 

The writer does not assume to present an exhaustive 
treatise on the subject of mill protection, but merely to 
offer, in a few plain words, some results of experience 
in the protection of manufacturing property, which have 
not yet crystallized into books. 

In briefly citing reasons for conditions, either essen- 
tial or pernicious, in the fire system of a mill, nearly 
every statement could be emphasized by the history of 
burned mills, whose destruction was due to these appar- 
ently trivial causes. 

As the only value which this book can possess lies in 
the application of its precepts, the names of the appa- 
ratus referred to are given, not because they are per- 
fect, or that others may not have equal merit, but they 
have proved to be reliable in actual operation. 

The arrangements for the defence of property against 
losses by fire, may be classified in four divisions. The 
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reader will probably assume that water is the principal 
division, or even the a/pha and omega of our creed; on 
the contrary, water is only a defazi. 

First; The chief consideration consists in anticipat- 
ing all preventable causes of fire, originated by neg- 
lect of any kind. There are but few fires which could 
not have been prevented by due foresight on the part 
of some one; that person may be an humble subordi- 
nate, the superintendent on the premises, or another 
higher in authority, such as the financial head of the 
establishment, but the responsibility for the disaster 
rests upon some one, 

Other fires owe their existence to causes so far 
beyond the ordinary control of those intrusted with the 
management, that they may be considered for all prac- 
tical purposes, unpreventable. 

The second division consists in preparation of the 
methods of fighting fires, by fire organization of the men. 

The third clause refers to the question of water sup- _ 
ply for fire purposes, and the best apparatus for the 
protection of mills; giving the results of experience in 
the arrangement of fire service. 

The fourth comprises those elements of construction 
and arrangement of buildings that offer the most effi- 
cient means of retarding the spread of the fire; the aim 
being that the limits of the destruction shall be reduced 
to a minimum by making buildings slaw burning, rather 
than striving to make them fire-proof. A fire-proof 
mill is a commercial impossibility. 
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An analysis of the records of the Boston Manufactur- 
ers’ Mutual Fire Insurance Company covering $690,- 
111,796 of risks during a period of thirty-two years,” 
warrants the statement that the greater losses are due to 
the failure of the fire apparatus at the critical moment, 
and not to the absence of a suitable equipment. 

It is, indeed, an exceptional fire that could not have 
been extinguished in its earlier stages, if the means at 
hand had been used with intelligence and energy. As 
in every other crisis of life, organization is superior to 
random effort. The thinking must be done beforehand. 
It is bad generalship to form the plan of battle in pres- 
ence of the enemy, 

The value of the best apparatus is limited by the com- 
petency with which it is managed; and it is generally 
worthless, except when its use is directed by the wise, 
cool head of a leader; circumstances may deprive one ~ 
of much that is desirable or seems even necessary, but 
nothing will atone for the absence of some directing 
mind. In the lack of such management, any fire appa- 
ratus is a delusion and a snare. 

Perhaps it may seem as if this was an effort to 
prove undisputed facts, but I have seen many men who 
regarded their fire systems as a heathen does his 
household god, as a fetich able to charm away the 
fire. The greatest losses paid by the Mill Insurance 
Company referred to might have been diminished by 


the exercise of ample foresight in the care and use of 
apparatus. 
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PLANS OF ORGANIZATION. 


There are numerous plans of fire organization, and 
the details differ with the conditions and administration 
of each establishment, but this principle is the salient 
point in all,—giving instruction in the use of apparatus 
by actual trial and work, and not by precept only. The 
less talk and printing about the matter the better. 

The following plan has proved successful in practical 
application: Let each man in the fire organization be 
assigned to a particular class of duties, and when an 
alarm sounds let him go to his appointed position and 
then await orders. A large printed card like the fol- 
lowing, with the names of the men written in the blank 
spaces, should be posted in each room. 
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Second 2) Rs ; 
To stop and start engines (or wheels)........ 


Assistants { co 
To put pumps in gear and stay by them.. 


Assistants ) °° 
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The hosemen should be selected from men em- 
ployed at different parts of the establishment. The 
overseers should not form a part of the organization, 
except to remain in their rooms, and there be subject 
to the orders of the chief. 

Mr. W. B. Whiting suggested this method of drill. 
At regular times for trials of apparatus, as every second 
and fourth Saturday in each of the warm months, let 
the clerk of the company summon a meeting of the 
men in the yard at an appointed hour. He may say, 
“There is a fire in the repair shop,” or at any other 
designated place. If the water wheels are running, the 
wheel man, without any further orders, shuts down at 
once; the pump men put their pumps in gear, and the 
foreman of leading hose directs his men where and how 
much hose to connect, and as soon as he is ready the word 
is passed to the wheel man, and the pumps are started. 
Then, after the original order is given, the chief leaves 
the men to do as their own judgment prompts them; 
and if they do it well, and get the water on the desired 
point without delay and without mistakes, it will make 
them feel confidence in themselves, and render them cool 
in case of actual fire; and if mistakes are made, they 
will remember them and avoid the like the next time. 

Let this plan or a similar one be adopted at every 
meeting, and the men will get the habit of doing their 
work easily and rapidly, and if the chief be present 
when a fire occurs, he will not have to baw] and halloo to 
a crazy crowd, who work hard and do nothing; and if ab- 
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sent he may feel that all will be done well if any call comes. 
Of course the whole thing is this: in case of fire get the 
water on as quickly as possible, and make no mistakes. 
It is of the utmost importance that the watchmen, who 
may often constitute the whole force on the premises, 
should be specially drilled in the use of the apparatus 
and instructed what to do in case of fire. a 
In smaller mills, where the number of repair hands or 
skilled mechanics is insufficient to form the whole of a 


fire company, some of the members must be selected 


FIG. I.—BADGE OF FIRE ORGANIZATION. 


from the operatives, and in such places it is frequently 
alleged that there is a difficulty in maintaining a fire 
organization in full numbers and efficiency, because the 
help are changing so frequently. In other matters, no 
such excuse was ever offered to justify the stopping of 
any profitable machine or process; it is just as impor- 
tant to systematize the attendance upon the fire appa- 
ratus as upon any portion of the manufacturing plant 
which may be dependent upon the fire apparatus for its 


very self-preservation. In such a class of mills, it has. 
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proved useful to furnish each member of the organiza: 
tion with a metal badge, about the size of a silver dol- 
lar, with the name of the mills and the wearer's position 
in the mill fire organization engraved upon it. This is” 
ordinarily worn on the vest of the possessor, and in case | 
he leaves the employment or even goes temporarily away_ 
from the.neighborhood of the mill, this pin is given to his 
successor, or to his substitute for the time being. This 
plan continually reminds one of his duty and secures a 
full organization always in the vicinity of the property. 
Mr. Thomas J. Borden, of Fall River, devised a sys- 
tem of fire alarm which localizes a fire without the use 
of electricity. In each room is a bell pull which strikes 
gongs in engine and boiler-room and repair shop; be-_ 
side this is another pull which lowers a large card bear-_ 
ing the name of this room in these rooms. For day 
fires, this enables the whole force of hosemen to be con- 
centrated at the fire without delay. This mill is one 
large building with an ell; and, of course, this system is 
not applicable to an establishment consisting of numer- 
ous isolated buildings. A number of manufacturing 
corporations are provided with systems of electric fire 
alarms, with stations in each room, which ring bells at 
the homes of each member of their fire organizations, 


as well as in the mills. 
WATER SUPPLY FOR FIRE PURPOSES. 
' 


It is a difficult task to determine the minimum limit 
of water supply for fire purposes; there is no maxi- 
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mum. In fact those fires which are put out by water 
are generally extinguished by small quantities, but such 
general results do not grant a release of one from mak- 
ing arrangements for the largest possible amount of 
water. 

A mill fire system is probably the only case of water 
supply which any one will ever be called upon to ar- 
range without reference to any ultimate scheme for its 
present or future use for domestic or manufacturing 
purposes. Montreal is probably the only city in the 
world where there are two lines of water mains laid in 
the street—the one for fire and the other for domestic 
purposes. 

At the great Boston fire, beginning November gth, 
1872, the amount of water used was enough to cover 
the whole burnt district to a depth of eleven inches, 
or the area occupied by buildings to the depth of thir- 
teen inches. 

The following are the quantities of water used at cer- 
tain fires in Fall River. The Holley system is used 
there, and the quantities charged for fire use are the 

_ excess of the consumption over average consumption : 


Gallons Used. 
Hydrants. At Fire. Per Hour. 


Granite Mills 7 104,265 96,048 - 


American Print Works..... 25 487,995 160,356 
Massasoit Steam Mill....... 10 797:276 135,654 
Marvel & Davol. .. op s8. 111,271 118,927 
American Linen Co........ 22 948,754 201,292 


Border City Mills......... eh 1,444,600 182,400 
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An opportunity rarely occurs for concentrating such 
large quantities of water, but such a large reserve is 
essential for use when the rapid application of smaller 
quantities of water has proved unavailing. 

The fundamental axiom relating to mill water supply 
is not found in the works of Rankine or Weisbach, but b 
Benjamin Franklin’s aphorism, “ Don’t put all your eggs — 
in one basket.” ; 

In different sources of supply, in different pumping 
apparatus, in different means of application, everything 
is in duplicate, so that an injury to a part will not dis-— 
able the whole. There is no arbitrary standard of the 
quantity of water necessary for fire purposes, and in- 

_ stead of making any assumption, based on personal ex- 
perience, I will give certain data as a basis for judg- 
ment, as an element in any specified case. . 

If there are public water-works, the system of the 
mill ought to be connected with the mains, but such 
water-works must not be the only means of water sup- 
ply, because the water is frequently shut off on account _ 
of repairs or alterations in the vicinity, and the street 
mains are frequently so small that any unusual draft, or, 
even the maximum daily consumption, reduces the head 
to an inefficient pressure. City steamers attached to 
hydrants near a mill reduce the head so that there is 
no adequate supply at the mill. 

Those mills that have their own reservoir, without sup- 
plying other connections, have one of the best resources} 
but, in addition, an efficient pump system is necessary, 
drawing its supply from a different source. 
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FIRE PAILS. 


The most essential fire apparatus consists of pails of 
water. Their importance is shown by the fact that it 
is a matter of record that of the losses in mills paid for 
by the insurance companies, twice as many fires are put 
out by pails as by any other means. 

This represents only a small proportion of the num- 
ber of fires extinguished by pails of water, as there are 
numerous fires where the loss is so trivial that no claim 
is ever made, and they are known only by some casual 
remark of the agent, months afterward. They do not 
form any portion of the record of losses, although of 
especial value in calculating the origin of fires, and the 
successful measures used in putting them out. It always 
causes a strong presumption on the part of the under- 
writers to have confidence in the administration of a 
mill where fires are energetically put out. 

These pails must be kept full, and used for no other 
purposes whatever. The best fire pails are made of 
strong, galvanized iron, without covers, and they will 
last much longer, if painted with hot coal tar, asphaltum, 
or some of the roofing compounds. This also helps to_ 
reserve the pails, as their black color makes them easily 
distinguished from the other pails used for washing or 
drinking water. It should be the duty of some individ- 
ual to keep the pails full, examining them at least once 
a week, and replenishing the whole of the water 
before it becomes foul. A further reserve is fur- 
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nished by casks of water kept in the porches or 
ners of rooms. 


FIRE PUMPS. 


Fire pumps differ from other classes of pumps acco 
ing to their entirely different duty to perform. Para 
mount to all other conditions is the ability to withs' 
neglect and rough usage, to start quickly, at all times 
to throw large quantities of water, and to maintain @ 
constant pressure. They are of two classes,—di 
steam pumps and rotary pumps. 


ROTARY FIRE PUMPS. 


The rotary pump was originally invented in France, 
and consists of two coarse gears, or their equivalent, im 


FIG, 2.—SECTION OF A HOLYOKE MACHINE COMPANY ROTARY PUMP. 


a case, and their operation is due to the displacement of 
water already between the teeth on the extreme sides 
of these gears, by the meshing of the teeth as the gears 
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revolve. It is a coarse mechanical movement. Con- 
sider the tortuous path of the water through the pump, 
and its rapid changes of velocity due to the varying 
cross section. And yet, for mill fire purposes, it is the 
best pump ever made. 

There are no valves requiring attention, or small parts 
to break; it wears out slowly, and can be repaired al- 
most indefinitely. A pump of given size and weight 


will move a greater mass of water than any other class 


FIG. 3.— HOLYOKE MACHINE COMPANY ROTARY PUMP. 


of pumps. The first rotary (and, in fact, the first mill 
pump exclusively for fire protection) ever used in this 
country is in good working order at Allendale, R. I. 

A rotary cannot lift water successfully, therefore it 
should take its supply from the flume. I do not advise 
that it be placed so low that the water will run into it, 
but about two feet above the water level. When a 
pump is set below the water level—submerged as it is 
called,—there must be a stop valve in the suction pipe; 
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the water may percolate by this valve, and freezing 
obstruct the pipe, and frequently break the pump, 
some one will forget to open the valve in an em 
gency, and all concerned will declare that some inseru: 
table providence kept the pump from working. 
Rotaries should never be driven by belts, and be 
gears are objectionable, because, with such arran, 
ments, one of the gears generally slides upon the shaft 
and the thrust is excessive against the collars and 
rangement of levers that throw it in gear; and, unl 
constant care be taken, the sliding gear will stick f 
to the shaft. The usual method of driving them is by 
spur gear wheels, directly from the jack shaft; but the 
preferable method is by friction gears, which consist 0 
wheels with wedge-shaped tongues and grooves turned 
upon their peripheries, which engage with each other. 


FRICTION GEARING FOR ROTARY PUMPS. 


When ordinary toothed gearing is used for driving 
rotary pumps, the wheels must be stopped before en- 
gaging or disengaging the gears, or there is almost 4 
certainty that they will be broken by the shock. With 
friction gears, the pump can be stopped or started with 
perfect safety when the machinery is at full speed. 

The grooved friction wheels must be mounted upon 4 
substantial foundation. The larger wheel is carried by 
the driving shaft, which should be connected directly 
with the motor without any intervening belts, so that it 
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will always be revolving whenever the factory is in op- 
eration, and to assure that its motion cannot be interfered 
with by a burned or broken belt. / 

The smaller wheel is upon the extension of the shaft 
of the rotary pump, which is provided with a joint to 
permit the sliding motion of the wheel.. The pillow 
blocks are bolted to a saddle which slides upon guides; 
the friction wheel being moved in or out of mesh by the 


hand-wheel, whose shaft is provided with a screw which 


FIG. 4.—FRICTION GEARING AND ROTARY PUMP. 


engages in a lug forming a nut upon the saddle. The 
hand-wheel is frequently placed in some convenient po- 
sition and connected by shafts and bevel wheels to the 
screw. 

This method of transmission of power is referred to in 
Fairbairn’s Mids and Millwork, vol. I1., p. 271, and Ran- 
kine’s Applied Mechanics, pp. 431 and 618. When a 
pump is driven by friction gears, it can be put in opera- 
tion without stopping the mill, and there is no danger 
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of breakage by excited or incompetent persons, as 
quently happens in the case of the use of spur gear. 

When practicable, it is advisable to have the rotat 
pump driven by a separate water wheel; or if driven 
the main wheels, there should be a clutch in the mai 
shaft, so that the fire will not be spread by the curren! 
of air caused by moving mechanism. 

A rotary pump should have an ample check*valve in 
the force pipe, to prevent the water in the pipes turnin 
the pump backwards when the motive power is removed. 
Check valves are rarely of sufficient capacity. There 
should be a pet-cock in the top of the pump, always left 
open when the pump is not forcing water, to enable the 
pump to force out the air. Many pumps will not oper- 
ate at all times, because they cannot force the air out 
by lifting the check valve. This is of the utmost im- 
portance in all except new rotaries, and it is to the lack 
of pet-cocks that rotaries are so uncertain in their action. - 
Sometimes they seem endowed with that “ total deprav- 
ity of inanimate things” which is a clause in the creed 
of many. 

After trial, a rotary can be freed from water by turn-— 
ing it backwards, and then oiling with some heavy min- 
eral oil, which can be rendered fluid enough by heating 
on an engine cylinder or over hot water, but never usé : 
lard oil, melted tallow, or any animal oil, as the acids 
which they contain will injure the pump. The principal 
rotary fire pumps are made by The Holyoke Machine 
Company, Holyoke, Mass.; Fales, Jenks & Sons, Paw- 
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tucket, R. I.; Holley, Lockport, N. Y.; Clark & Heald 
Machine Company, Turner's Falls, Mass.; Wiswell’s 
Torrent, Boston; American Pump Company, Hartford, 
Conn. 

It is unadvisable to use the rotary pumps for practice 
during freezing weather, but at such times the pumps 
should be moved by hand every week. 


POWER PLUNGER PUMPS. 


There are so few of them now in use as fire pumps 
that it is unnecessary to make any extended reference to 
that class of reciprocating pumps driven by power ap- 
plied upon a pulley, and the circular changed to recip- 
rocating motion by means of crank and connecting rod. 

These “power-pumps” have been superseded by 
direct-acting steam pumps, so termed because the motive 
power of the steam meets the resistance of the water 
without any intervening train of mechanism. 


STEAM FIRE PUMPS. 


The problem in the construction of this class of pumps 
consists in the method of reversing the motion of the 
pump so as to secure its continuous operation; and their 
relative merits of design and operation are all primarily 
based upon the manner in which this is accomplished. 

One method is by connecting a fly wheel so that its 
momentum will reverse the valves at the steam end. 


This system in fire pumps is open to other serious ob- 
as 
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jections besides the introduction of heavy additional 
mechanism, involving expense, power, and risk. In 
moving water to the best advantage, it is essential that 
its velocity be uniform, and, therefore, the plunger of 


the pump should move at as nearly constant velocity in 


FIG, 5.—DEANE PUMP. 


all parts of the stroke as practicable. If a fly wheel is 
introduced into the system, its inertia resists changes of 
velocity, and it tends to revolve with a uniform rotary 
motion. The impulse of the steam, as used in these 


pumps, tends to move the piston with a uniform recti- 
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linear velocity, except at the extremes of the stroke; the 
result of the motive force of the steam, constant resist- 
ance of the water, and inertia of the fly wheel, is that 
neither the circular motion of the fly wheel nor the re- 


ciprocating motion of the plunger is uniform. If the 


FIG. 6.—WORTHINGTON PUMP, 


weight of the rim of the fly wheel is adequate to furnish 
sufficient momentum to reverse the pump to slow speeds, 
it is unnecessarily heavy for ordinary use. The energy 
stored in a revolving fly wheel is a constant threat upon 
the weakest part of the machinery, which is carried into 
effect the instant the resistance of the water is sud- 
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denly increased beyond a certain limit, by any obstruc® 
tion. q 

In another system of pumps, the stroke is reversed b; 
means of a supplementary steam valve, which moves 
the main valve. This supplementary valve is opened by 
the agency of a small tappit, which is moved by the 
steam piston or its rod near the terminal of the stroke. — 

The principal pumps constructed upon this system are 
the Deane of Holyoke (shown in the engraving), the 
Blake, and the Knowles of Boston, and the Cameron of 
New York. Another method is the duplex system of 
pumps, invented by the late Henry R. Worthington, 
where two complete pumps and their steam cylinders 
are contained in the same frame, parallel with each 
other, and the steam valve of each pump is moved by 
the piston rod of the other. 

The direct-acting steam pump was invented by Henry 
R. Worthington, in 1844, and is the original of the 
whole class of direct-acting pumps. 

The first steam pump especially for fire service, was 
made by him for the steamer “ Bay State,” in 1849, and 
operated satisfactorily for many years. The diameter 
of the steam cylinder was twelve inches, the water cyl- 
inder six inches; the stroke was nine inches. It had an 
arbitrary water valve motion, combined with steam 
valve, and moving simultaneously therewith. The 
steam valve was a balanced box slide valve. 

. Steam fire pumps differ from other pumps in the rel- 
ative proportions which the steam cylinder bears to the 
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pump, the diameter being 2 to 1, so that the steam 
pressure is to that of the water as 1 to 4, minus the fric- 
tion of the whole machine. This qualifies the pump for 
efficient work when the steam pressure is very low, as is 
aptto be the case during nights or Sundays. They are pro- 
vided with large water passages, and swing-bolts or hand 
holes, so that the interior can be examined at short notice. 

The steam fire pump should be set so as to draw its 
supply from the wheel pit, that it may be independent 
of the supply in the mill pond, and be used to empty 
the wheel pit in case of repairs or renewals about the 
wheel. It is the general custom to use soft rubber 
valves in this class of pumps, but sure and efficient action 
is here paramount to the quiet smooth operation of rub- 
ber valves. The refuse of lubricating oils, wool scouring, 
and dyeing collect in the tail race of a mill. Many of 
these substances, especially oils, affect such soft rubber 
valves, sticking them to their seats so firmly that they 
can only be removed by cutting under with a thin knife. 
The ordinary substitute for soft rubber pump valves is 
brass, but brass valves are soon cut if grit is suspended 
in the water, and then leaking begins. Where oils, dye 
stuffs, or chemicals are discharged into the stream, and 
there is any liability that they will be drawn into the 
pumps, Jenkins’s pump valves should be used. I have 
tried its endurance by immersing pieces of it-for several 
months in the oils and corrosive chemicals used in cot- 
ton and wool manufacturing and dyeing, and it was not 
in the least affected by any of these substances; but for 
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ordinary service, with pure water, Soft rubber is satisfac-_ 
tory, as it forms a tight and noiseless valve. If a steam 
fire pump is let alone, it will be disabled by rust; and, to— 
insure its frequent use without wearing it out, it is advis- 
able to connect it with the tank that supplies the sink 
and water closets, so that it will be necessary to use it 
for a few minutes every day. Just before it is stopped, 
the cylinder of a steam pump should be lubricated 
with mineral oil, never using sperm or lard oils, or tal- 
low. The pump should be stopped at the middle of the 
stroke, and the drip valves opened. The principal steam 
fire pumps are made by H. R. Worthington & Co., New 
York ; Deane Steam Pump Company, Holyoke; Blake 
and Knowles, Boston; Cameron, New York. Pumps 
are frequently disabled by foreign matter in the suction 
pipes, which should be protected by a strainer, the ag- 
gregate area of whose orifices should amount to five 
times the area of the cross section of the suction pipe; 
and, in many places, it is desirable to guard this strainer 
in the direction of the current by some barrier which 
will prevent the deposition of leaves and rags upon the 
strainer. If the suction pipe is long, there should be‘a 
foot valve at the bottom, and especial care is necessary 
to arrange one of ample area of opening, so as not to 
throttle the water supply to the pump. 


RELIEF VALVES. 


The ordinary lever safety valve cannot open far 
enough to discharge a sufficient quantity of water to re- 
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duce the pressure, and, when in working order, cannot 
be considered more than an alarm, indicating an increase 
of pressure which it is powerless to remedy. Iron safety 
valve seats rust down very frequently. 

A relief valve of ample capacity should be connected 
to the force main near the pump; it will save the hose 
and pipes from in‘uries caused by sudden or excessive 
pressure. 

Relief valves are constructed on the general principle 
of that class of safety valves operating by the reaction 
of the fluid, and present a larger area of opening than 
any other class of safety valves. The best relief valves 
have non-corrosive seats made of nickel alloy, and the 
spiral spring holds the valve to its seat by tension 
instead of compression; therefore the action of the 
valve cannot be reduced by reason of the chips, gravel, 
and pebbles, liable to collect in a valve of this form. 
Such a mishap could never happen to the well kept 
steam fire engine of a city department, but it is of fre- 
quent occurrence in a country factory village, where the 
small boys run loose, and can give attention to such 
matters. 


WATER PRESSURE GAUGES. 


It is very desirable that a pressure gauge be con- 
nected with the force main, and placed in a position 
where it can be clearly seen by the man operating the 
pump, enabling him to maintain the desired pressure, 
and also to control matters in case of a break anywhere. 
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Such a gauge should not have any siphon in the tube 
connecting it with the force main, but the tube should 
be descending so that no water will remain therein after 
the pressure is removed. If there were a siphon or bend 
in the tube which would hold water after the pressure 
was removed, there would be great risk of damage by 
freezing. 


HYDRANTS. 


The hydrant in general use is the common Y or 
branch hydrant, and is not provided with any means of 


FIG. 7.—DOUBLE HYDRANT 


FIG, 8.—DOUBLE VALVE HYDRANT~ 


draining off the water when the hydrant is closed; and 
I suggest the advisability of boring a hole about 3 of 
an inch in diameter, through the shell of the hydrant 
just above the seat. 

When the pressure is on the pipes, water remains in 
the upper portion of such hydrants as were closed be- 
fore the pipes were drained; and also forces its way 
into the upper portion of every hydrant that does not 
remain perfectly tight under the heavy pressure. The 
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HYDRANTS. 


FIG, 9.—MATHEW’S HY- 


DRANT. 


FIG. 10.—THE CHAPMAN FIRE HYDRANT WITH INDEPEN- 


DENT VALVES FOR EACH HOSE NOZZLE. 
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hydrants are generally tight enough to retain this ene 
trapped water, and the hydrant caps prevent its evap- 
oration. A large amount of fire apparatus around 
mills is broken by ice every year, and this damage 
could be prevented by ordinary foresight. The haza d 
due to a single broken hydrant is not limited to the 
possible deprivation of its use, but is chiefly due to 
the fact that when water is forced into the pipes there 
is great risk of the hydrant breaking; and, in most mill 
yards such an accident would tap all the pipes and pre 
vent the efficient operation of the fire apparatus. The 
possibility of such accidents can be obviated by opening 
all the hydrants when draining the pipes for the winter 
months, and closing them afterwards. The drip of the: 
system should be in plain sight; extending out over the 
tail race is a very good place in most instances. 

All valves, gates, and connections should be easily 
accessible, and not placed in dark corners, closets, OF 
spaces- under trap-doors. When the purpose of the 
valve is not absolutely evident from its position and 
surroundings, it should be labelled. 

The hydrants in general public use are called post 
hydrants, but their cost retards their adoption in many 
places where really needed, in the yards of manufactur- 
ing corporations. . 

The Mathew’s hydrant, made by R. D. Wood & Cos — 
of Philadelphia, has been as widely introduced as any 
post hydrant, and has given general satisfaction. 

The valve is below frost at the level of the distribut- 
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ing main, and danger from freezing is obviated by an 
automatic drip. The capacity of these hydrants is suf- 
ficient to supply several lines of hose. 

The Chapman Valve Company of Boston has recently 
introduced a new post hydrant, which, in addition to the 
main valve at the bottom, has independent valves at 
each of the four outlets, enabling one person at the hy- 
drant to control each of the four streams as absolutely 
as if the streams were taken from different hydrants 
with a man at each. The gates in this hydrant are 
metal wedges, with Babbitt seats, similar to the princi- 
ple involved in the design of the well known Chapman 
valve, to which further reference will be made. 

Yard hydrants should not be placed much nearer 
buildings than the height of the walls, so that a falling 
wall will not injure the hydrant. Hydrants should be 
oiled with heavy mineral oil, as stated in the case of 
rotary pumps, and never with tallow or lard oil. The 
most efficient cheap protection from freezing, I believe 
to be a barrel filled with burrs from the picker of a 
woollen mill. Wool waste of any kind forms a good 
protection. The covers of gate pits should have handles 
high enough to be always visible above snow, before 
the paths are made. 


STAND PIPES. 


Stand pipes on the fire escapes of mills are not now in 
vogue, as experience has shown that any fire hot enough 
to drive men out of the room, cannot be fought from the 
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galleries in front of the windows. Where there 
eral buildings, Mr. Edward Atkinson's plan of pipes 
ning to the roof,and then fitted witha system of hydran 
is very efficient. The base of these pipes should be 
nected with the mains by a gate, or to the yard hydrants 
by hose coupled to the lower end of the stand pipe, so 
that the whole system will not be disabled by the leak 
age from a broken pipe, if the wall falls. 


FIG. 11.—DRIP COUPLING. 


A vertical pipe should extend to the height of the 
porch tower, with hydrants at each story and on the 
roof. To each porch hydrant a length of hose should 
be connected and provided with a drip coupling. 

The writer believes that the drip coupling was first 
designed and made about nineteen years ago by James _ 
G. Brackett, Superintendent of the Laconia Mills, Bidde- 
ford, Maine. In its present form, it is now manufactured 
by the Providence Steam and Gas Pipe Company. It 
consists of a coupling with a sudden enlargement, which 
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serves as a pocket to collect any leakage from the hy- 
drant, from which it flows through a small orifice instead 
of wetting and destroying the hose. The hose should 
be doubled and wound upon a reel, beginning with the 
middle, so that one can take hold of the nozzle and run, 
without being impeded by a snarling hose. 

There are several forms of adjustable spray nozzles, 
which can be changed from a solid stream to a fine 


FIG. I2.—THE MORSE MONITOR NOZZLE. 


spray by the person at the nozzle. These are well 
adapted for inside work. 

The monitor nozzle furnishes a valuable addition to 
mill equipments, especially on roofs in positions com- 
manding lower buildings.. The recoil of the water being 
perfectly balanced, the nozzle can be pointed in any di- 
rection, and will remain in that position independent of 
the force of the stream. 

After a system of water pipes and hydrants has been 
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laid, it should be very thoroughly washed to remove tf! 
last traces of the sulphuric acid—‘ pickle "—used 
cleaning the castings. 

This is often very imperfectly washed off, in the ha 
of manufacturing, and the writer has seen many instani 
where the new hose attached to porch hydrants in mills 
has been destroyed by this cause, where the leakage 
was so slight as to be imperceptible. 

SMALL HOSE. 

Small hose, connected with a constant head furntahed 
by a tank or reservoir are very useful, especially in card- 
ing rooms. It is desirable that there should be no shut 
off in the nozzle. The valve where the ,small hose is 
connected to the feed pipe answers every required pur 
pose, and a second one in the nozzle is needless; and 
such small shut-offs are very often stuck by corrosion, 
so that they cannot be opened by the fingers. 

When rubber hose is used for this purpose, it should 
be encased with wood, to protect the rubber from injury, 
as oil is liable to be thrown from the machinery. ; 

VALVES. 

Only straight way valves should be used for water. 

In some experiments which the writer made at Holy- 
oke, « two-inch globe valve reduced the water pressure 
from 80 to 40 pounds per square inch, while a straight 
way valve substituted, and operating under identical 
conditions of supply, reduced the pressure from 80 
to 71 pounds per square inch. This sectional view of 
a globe valve shows its irregular winding passage, 
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giving a great frictional resistance to the delivery of 
water. 

Valves are often broken or damaged by being closed 
too hard. A valve or hydrant which is not water tight 
when closed by hand without a forcible effort, is surely 
not in good order, and is liable to cause damage by the 
breaking of excessively strained parts. Never use a valve 


FG. 13.—GLOBE VALVE. 


which is without an advancing stem; it is always perplex- 
ing not to know the position of the valve, whether shut 
or how far open, and the disasters charged to inopera- 
tive valves are generally traceable to this cause or to 
left hand valves. If beyond your power to replace the 
left hand valves by right hand valves, label them by an 
arrow, and the word “ open,” painted on a piece of tin 
fastened to the spokes of the hand wheel of the valves. 
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A right hand valve shuts in the direction of the motion 
of the hands of a watch, and a left hand valve ina 


contrary direction. This is the common and general use 
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FIG. I4.—JENKINS STRAIGHT WAY VALVES. 


of the term, and is so used by the writer, but in some 
localities these expressions are used in exactly the com 
trary manner; and, therefore, where there is any chance 
to be a doubt in the matter, it is best to specify that it 
is the direction in which the valve shuts. For straight 
way valves, the Jenkins and the Chapman furnish good 


examples. 


The Jenkins valve presents a full opening, the ad- 
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vancing stem shows the position of the gate, and it is a 
right-hand valve with advancing stem. It is provided 
with Jenkins packing, which can be renewed, when 
necessary, in a moment, by the substitution of a new ring 


of the packing. 


FIG. 1§.—CHAPMAN STRAIGHT WAY VALVE. 


The Chapman valve has a gate of composition in the 
form of a wedge, which presses against two Babbitt 
metal seats. Several styles of valves are made by this 
company, but the writer now refers in commendation 
only to their right hand valves with advancing stem. 
These valves are more generally used about sprinklers 


than any other kind. 
3 
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This company have recently made a right hand gate 
with advancing stem provided with compound serews, 
so that it can be opened or shut by one turn of the 
hand wheel to every inch in diameter of the gate; that 
is, a five inch gate is shut or opened by five turns of the 
hand wheel. In addition to the merits of the Chapman 


FIG. 16.—CHAPMAN GATE. of 


valve seat, this gate has the advantage of opening, in 
the natural manner; advancing stem, full opening, and 
the utmost quickness of motion without water ham- 


mer. 


HOSE. 


Only a small portion of the hose in a mill is subjected 
to wear and frequent use, being kept in reserve; a few 
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lengths are used for practice of fire organization ; there- _ 
fore the most important specification demands some 
durable material, which will not deteriorate by age, and 
is always ready for use. Experience has proven unlined 
linen hose to be the best for inside hydrant and reserve 
use. It is light, flexible, and strong; twelve samples 
from different manufacturers, weighing from 33 to 4 
ounces per foot, and bursting when new at pressures of 
420 to 650 pounds per square inch. 

If kept dry, it will last for an indefinite time. It can 
be fairly protected from mildew by treating it with a 
solution of paraffine wax dissolved in naphtha. 

For outside use, rubber lined cotton hose fulfils the 
demand for strength and durability, bursting at press- 
ures of 800 to over 1100 pounds per square inch when 
new, and weighing 12 to 20 ounces per foot. 

However suitable rubber lined linen, rubber, and 
leather hose may be for public fire departments, both ex- 
perience of use and tests show that they are not so well 
adapted for mill use as the kinds mentioned above. 

It is essential that all hose couplings at an establish- 
ment be uniform, and desirable that they should be like 
those of neighboring factories andthe public fire depart- 
ment. If there is an unavoidable difference, there should. 
be a supply of reducing couplings in accessible places. 

Except the work by the Providence City Engineer's 
department, there has been very little investigation of 
the flow of water through valves, hose and nozzles. The 
reader is referred to an admirable work on this subject: 
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“ Power Required for Fire Streams,” etc., by 
‘ Ellis, C.E., of Springfield, Mass. 

E As a basis for computations for estimating the 
, ter of distributing mains supplying the hydrants of a: 
system, the following table for the discharge of | 
through one hundred feet of rubber hose and a on 
inch smooth nozzle, is taken from the results given in 
the work cited above: 


ischarge Distance reached by jet. 
per minute. —— 
Horizontal. 
Gallons. Feet. 

84 54 
98 62 

112 72 

122 80 

132 88 

140 96 

149 103 

157 rr 

165 118 

172 125 

180 132 

186 139 

193 145 

199 1 

205 156 
FLOOD PIPEs. 


The protection of dry and picker rooms, paint shops 
and other dangerous parts of manufacturing property, s 
often supplemented by placing such rooms below the 
level of the mill pond, and running a large pipe with a 


old mills contain pipes which lead from the pump to the 
attic floor, but these crude forms of apparatus have been - 
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superseded by other methods which concentrate water at 
any place in a mill. 


SPRINKLERS. 


For many years, the more hazardous portions of mills 
have been defended against fire by parallel lines of per- 
forated pipes, extending across the room near the ceil- 
ing, and connected with a water supply furnished by 
pumps, reservoir, or tanks, so that the room may be 

' showered by opening a valve on the cutside of the 
building. This arrangement is particularly valuable in 
rooms difficult of access from the outside, where the con- 
tents are very combustible, or where the smoke is too 
pungent for human beings, as that of loose cotton. 

There are several systems of sprinklers. Mr. James 
B. Francis, at Lowell, places the perforated pipes against 
the ceiling, running across the mill in the middle of 
each bay. The orifices are one-tenth of an inch diam- 
eter, and placed nine inches apart, alternating on oppo- 
site sides and bored a little above the horizontal diam- 
eter of the pipe. The supply pipes have twice the 
sectional area of the orifices, and the distributing pipes 
are also of double sectional area to the orifices which 
they supply. With a head of forty feet the discharge 
of the system is one-fourteenth of an inch deep per 
minute, or four and two-sevenths inches per hour. The 
reader is referred to an article on this subject by Mr. 
Francis, in Yournal of Franklin Institute, April, 1865. 

Mr. William B. Whiting has modified the Francis 


38 FIRE PROTECTION OF MILLS. 


system, with a view to accomplishing a more general 
distribution of water, and using less pipe, by running 
the perforated pipes longitudinally with the mills under 
the beams, and drilling orifices three inches apart, and 
one-twelfth of an inch diameter, alternating on the top 
of the pipe, and thirty degrees from the vertical on each 
side; or, in millwright’s phrase, at ten, twelve, and two 
o'clock. 

The Providence Steam and Gas Pipe Company use 
substantially the Whiting system, but bore the orifices 
one-fourteenth of an inch diameter and four inches apart. 
The discharge of this system under a head of forty feet 
is .033 cubic foot to each orifice per minute, or nearly 
one quart. When the pipes are placed fifteen feet apart 
the discharge from the whole system amounts to one 
cubic foot per minute, to every one hundred and fifty 
square feet of floor, covering the floor to a depth of 08 
inch. The sectional area of feed pipes in all of thosesys- 
tems should be twice that of the discharging area of the 
orifices when the supply proceeds from a reservoir; but 
if the supply is furnished by pumps capable of sustaining — 
a high pressure, the area of feed pipe sections may be 
one and one-half that of orifices or even less, if the per- 
forated pipes are short, and the water pressure large. 

To furnish an adequate water supply to a system of 
sprinklers, the quantity must not merely be ample to 
cause a stream to flow from each orifice, but also with 
a force to impinge strongly against the ceiling above. 
In experiments made upon sprinklers at Holyoke, the 
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writer found that in some cases the various frictional 
elements reduced the head from 150 feet to 2 feet. 
None of the books on Hydraulics give ‘coefficients of 
friction and efflux for the solution of these problems, 
and the only method is to follow those precedents which 
are proven satisfactory in practice. 

The efficiency of sprinklers is liable to be impaired by 
rust and paint obstructing the orifices. When the pipes 
are being painted, much time and trouble can be saved 
by placing tacks in each hole, and removing them when 
the paint is dry. The matter of rust is anticipated by 
boring larger holes than necessary, and then driving in 
a brass bushing. The superintendent of the mill of the 
Agawam Canal Company, at West Springfield, Mass., 
first used such brass bushings about twenty-two years 
ago, and he also set up the sprinklers in the mill yard, 
and experimented with orifices of various diameters 
until satisfactory results were reached. 

The corrosive vapors in paper mills and bleacheries 
cause all iron orifices to be choked by rust. Mr. Wil- 
liam B. Whiting anticipated this by using brass rosettes, 
covered by a loosely fitting cap, placed about ten feet 
apart, and connected by a system of pipes without ori- 
fices. The valves at the distributor supplying the sprink- 
lers should be protected from meddlers by a glass cov- 
ering, but accessible under all conditions of affairs. A 
hole not over one-eighth of an inch diameter should be 
bored in the casing of the valve just above the gate of 
the valve. 
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Pet-cocks are often placed in the coupling just above 
the valve; this is too high, as it permits enough of 
water that percolates by the shut valve to remain th 
and break the valves by freezing; it should be in 
shell of the valve. There should be a half-inch drip 
valve on the distributor kept open, and another beneath 
the gate. In some mills, it is the duty of the watchman 
on entering for his night's work, to open this lower drip 
and make a memorandum that the water was all right 
to the sprinklers. These records are carefully filed 
away. The sprinkler valves should be clearly labelled. 
Notwithstanding the absolute necessity of such appa 
ratus, the use of this system has been open to sea 
objections. Property is sometimes damaged by w 
let on the sprinklers by accident or malice; the orifi 
in the sprinkler pipes are liable to be obstructed by 
paint or rust; and in case of emergency, the water can- 
not be concentrated on the fire, but will be spread over 
the whole or half of the room covered by that system of 
sprinklers. The efficiency of the best planned system 
of pipe sprinklers is limited by the vigilance of the one 
discovering the fire, and the presence of mind which 
opens the right valve. : 


AUTOMATIC SPRINKLERS. 


Although continually reinvented, this is one of the 
oldest devices for special fire apparatus. In 1806, 2— 
patent was granted in England for a “shower bath for 
checking fires in apartments and warehouses.” The 


AUTOMATIC SPRINKLERS. 41 


valve in the supply pipe was opened by a weighted 
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FIG. 17.—SYSTEM OF AUTOMATIC SPRINKLERS IN A MILL. 


lever, which was secured by a cord which passed over 
different parts of the room. 
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There have been many inventions wherein ete 
vigilance was alleged to be obtained by cords burning 
and releasing the valve which shuts off the’ water, b 
experience proved that the cord was first to break in 
peace and the last to consume at fire; the valve stick- 
ing to its seat like a leech saved many an estab- 
lishment: from flooding whenever accident broke the 
cord. 4 
Within a few years there has been another type of 
sprinklers, termed from the method of their operation 
“Automatic.” They each consist of a rose-head, or its 
equivalent, for throwing water in an upward direction, 
with even distribution, over as large an area as prac: 
ticable. The distributing pipes and their branches are 
arranged so that these heads are about one foot below 
the ceiling and ten feet from each other. These heads — 
are kept closed by thin metal caps over the top, or valves 
within, either method being secured by bismuth solder— 
composed of one part each of tin, lead and cadmium, and 
four parts of bismuth. This bismuth solder melts at_ 
165° Fahr., but loses its tenacity at 155° Fahr.; for dry 
rooms and similar places, alloys which fuse at 212, oF 
250 degrees are used. The first fire ever extinguished 4 
by means of fusing metal was probably at the Cathedral — 
Building in Boston in 1870, where a fire, caused by 
spontaneous combustion, gained considerable headway, a 
and melting a lead water pipe, was extinguished by the 
water which flowed from this opened pipe. The diagram 
of a section of a mill shown in Fig. 17 indicates the 
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general arrangement of automatic sprinklers. The 
water pressure is kept constantly upon these sprinklers ; 
and, when the heat in any portion of the building ex- 
ceeds the melting-point of the solder, the head is opened 
and the water flows from the nearest sprinklers. The 
first supply is usually provided by a tank placed in the 
mill tower, and this is supplemented by a reserve supply 


FIG. 18.—PARMELEE AUTOMATIC SPRINKLER—FULL SIZE. 


furnished by pump or reservoir. The lowering of the . 


water in the tank sounds an alarm, by means of an ap- 
paratus which rings a bell or blows a whistle. 

In some establishments, this alarm is used to blow 
the whistle at morning, noon, and night, by opening a 
faucet and drawing a little water from the tank, thus 
serving the double purpose of marking the hours of 
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labor, and giving frequent assurance of the condition of 
the protective apparatus. 


heads gave- 


Pressure per square inch. Discharge. 
2} pounds. “ .688 cubic feet per minute. 
5 a be 1.040 ke) bi > 

10 bg + 1.488 re 4 

15 ‘3 ss 1.840 id f 

20 s ¥ 2.127 ee “ 

25 - % 2.416 Us a 

75 “ “a 3-936 “ “ 


This system of automatic sprinklers is no new 
untried experiment, as its representatives have con- 
structed buildings in which hundreds of fires have been 
set and successfully extinguished. There have been” 
thirty fires* in mills put out by automatic sprinklers, and 
in no instance have they ever proved inadequate to serve 
their purpose. The Standard and the Hub Sprinklers, in- 
vented by Mr. Francis W. Whiting, consist of rosettes with 
the cap soldered on at an annular flange. In this particu 


lar they differ from the other sprinklers, as the strain comes 
upon the bismuth solder at right angles to the soldered 


* March 1, 1882, 
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surfaces ; in all other sprinklers this is a shearing strain, 
The Hub differs slightly in shape, and quicker action is 
obtained by a sheet of felt, which serves as a non-con- 
ductor between the cap and the head, 


The Burritt Sprinkler also consists of a rosette with a 
thimble soldered in the neck below the head. When 
the thimble is released by heat, the water causes it to 
whirl rapidly around the inside of the head for the pur- 


pose of dislodging scale and sediment, which would 
otherwise clog the orifices. The cap merely serves to 
keep out the dust. 

The Bishop Sprinkler consists of a tube with a cap sold- 
ered at the top. When the solder melts, the inner sleeve 
rises and distributes the water through the helical slots, 
shown in the engraving. All the previous sprinklers have 
sealed heads. Mr. A. M. Granger has invented a sprink- 
ler which consists of a reaction turbine, from which the 
water is shut off by a valve packed with vulcanized fiber ; 
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the valve is kept closed by a spring, which is released 
by the melting of the ring of solder against its outer 


FIG. 20.—BISHOP AUTOMATIC SPRINKLER—FULL SIZE. 


end, permitting the direct force of the water to 7 
the valve. 


Mr. Frederick Grinnell has recently invented another 
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FIG, 21.—-GRANGER AUTOMATIC SPRINKLER—HALF SIZE. 


type of automatic sprinklers which radically differ from 
the previous ones in design and method of operation; 
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embodying intheir construction essential features of rapid 
operation, unaffected by sediment in the water and-also 
a more simple arrangement of pipes. 

By reference to Fig. 22, it will be seen that the open- 
ing for the escape of the water is at the center of a 
flexible metal diaphragm; this opening is surrounded 


FIG. 22.—GRINNELL AUTOMATIC SPRINKLER—FULL SIZE, 


by a ring forming ‘a valve-seat. The valve consists of 
a disc of soft non-corrosive alloy, fixed upon a circular 
metal plate with a crowned notched edge, which also 
serves as a deflector for distributing the water. The 
valve is held to its seat by a rocker in connection with 
a lever soldered at its lower ends by bismuth solder. 
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When the solder is melted, the lever falls, 
the valve, and the stream of water impinges upon th 


upward and horizontally in a fine evenly dist 
spray, wetting ceiling and floor. 

This form of construction relieves the solder from ex 
cessive strain, and the solder is much more sensitive to 
heat than it is in any sprinkler where the solder is in 
contact with the large mass of metal forming the body | 
of a sprinkler containing water, for the reason that unde 
such circumstances the solder cannot melt until the water 
and surrounding metal is raised to the melting temper 
ture of the solder. 


This valve construction embodies a very peculia 


the water pressure opens the valve. 

The area of the annular diaphragm being three tim 
that of the opening, the pressure of the valve against 
its seat is two-thirds that of the whole force of the water 
upon the diaphragm; and therefore, when the head of 
the water varies, or there is a “water hammer,’ the 
valve instantly conforms to the condition of affairs and 
prevents leakage. ¥ 

When the resistance of the lever is removed by the 
solder melting, the water pressure opens this valve. 

As the orifice is about one half of an inch in diametel 
there is no liability of obstruction by foreign matter in 
the pipes. 
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These sprinklers differs from others by hanging below 
the pipes to which they are attached, therefore the 
pipes are not arranged below the beams in the manner 
shown in Fig. 17, but they are fastened close to the 
ceiling, crosswise of the mill in the center of each bay 
between the beams, above the belts and shafting; simi- 
lar to the arrangement of perforated sprinkler pipes 
adopted by Mr. James B. Francis, to which previous 
reference has been made, on page 37. 

The portions of a cotton mill where protection by 
sprinklers is essential, are picker rooms, dust rooms, 
card and mule rooms, the flue from the shearer, dry 
rooms, attics, and all concealed spaces. In special cases, 

* other parts of an establishment require protection. 

All of these sprinklers have been tested by experi- 
mental fires in buildings especially constructed for the 
purpose ; but only the Parmelee and the Burritt have 
been subjected to the test of accidental fires. It is 
the experience of the Mutual Companies that a cotton 
mill building has annually only one fortieth of a chance 
of burning enough to call upon the underwriters for 
indemnification ; small fires are more frequent; and the 
chance of total destruction by fire is only about one in 
three hundred. For details of these experimental fires, 
reference is made to the report of the New England 
Cotton Manufacturers’ Association, April 24, 1878; 
American Machinist, New York, July 9, 1881; Boston 
Journal of Commerce, June 11 and July 9, 1881. 

In some experiments made by the Insurance Com- 
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panies, these automatic sprinklers all performed | 
work efficiently, and the preference between the yar 
kinds .must be decided by questions of mechanical con 
struction of the several heads, and the assurance that 
the contracting parties will put in a pipe service wisely 
designed to adequately conduct the maximum quantity 
of water which may be required of it, and that the work 
manship will be so thorough that there will be no dam- 
age to the property caused by leaking or breaking of 
the apparatus. 

In one of the fires, a row of barrels was placed 
under each row of sprinkler heads, and upon laths 
placed thereon, fifty pounds of cotton batting were 
spread. The windows and doors were closed, and the 
cotton was lighted simultaneously in six places. The 
whole mass was instantly in a blaze, but the fire smoth- 
ered for lack of air. There was a different sprinkler 
head on each of the six openings, but the heat was $0 
slight and of so short duration that none of the sprink- 
lers opened. It was considered that this trial was of 
especial value in showing the importance of closing a 
room tightly during a fire. 


\ CAUSES OF MILL FIRES. 

Thus far, consideration has been limited to the sub- 
ject of extinguishing fires, but in the defense of property 
against damage by fire, the ounce of prevention out- 


weighs the pound of cure, It is wise foresight © 
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anticipate the most probable causes of preventable 


fires. 

The Boston Manufacturers’ Mutual Fire Insurance 
Company have a record of all the known circumstances 
connected with each fire on mill property insured by 
them. 

As a basis for considering some of these causes, and 
showing the relative frequency of different classes of 
fires, this list is submitted, showing the origin of five hun- 
dred and seventy-five mill fires which have occurred 
between October 1, 1850, and January 1, 1882, a period 
of thirty-one years and three months; and giving the 
number due to each cause. 

This list does not include the whole number of fires 
on property insured by this company, but only cites 
those instances where the cause has been well estab- 
lished, omitting all‘those whose origin is obscure, and a 
great number of small fires extinguished by the owners 
without material damage, and never reported to the 
underwriters. 

It is no easy task to determine the origin of fires, be- 
cause in many instances the fires either destroy all evi- 
dence of the cause of their origin, or the witnesses are 
unwilling to give any information tending to reflect on 
their judgment or honesty. 

138, foreign substances in picker. 

134, friction. 

99, spontaneous combustion of oils. 

40, matches. 
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36, lighting apparatus. 

27, sparks and defective chimneys. 
17, known or suspected incendiary. 
13, spontaneous combustion of dyed cloth or mm 
11, broken lanterns. - 
10, lightning. 
6, fireworks. 


4, stoves. 

4, pipes and cigars. 

3, window glass acting as lens, concentrating the ray 
of the sun. 

2, spontaneous combustion of bituminous coal. 

2, electricity from belt. 

2, electric light. 

2, water inducing rapid oxidation of iron turni ss 
which set fire to the sawdust mixed with it One o 
these was caused by a freshet. 

2, hot iron. 

2, cutting iron hoop on cotton bale with axe; 5} 
set the cotton on fire. 

1, heat from furnace. 

1, wood in contact with boiler setting. 

1, result of boiler explosion. f 

1, a man accidentally dropped an open penknife ona 
small bunch of cotton card waste which burst into flames 
After the fire was extinguished, a quartz pebble about 
one-eighth of an inch in diameter was found on the floor; 
the steel blade, hitting this pebble, struck the sp2 
which ignited the cotton. 


PICKER FIRES. 53 


PICKER FIRES. 


The general cause of picker fires is due to stones, nails, 
and other hard materials in the cotton, which strike 
sparks from the whipper. This is guarded against, as 
far as possible, by the careful inspection of the cotton by 
the tenders, as it is thrown upon the feeding aprons; but 
the radically efficient measures must be taken in the 
South, where better methods of ginning, packing, and 
transportation will deliver it to the consumer more free 
from such miscellaneous foreign matter. 

The remedy for the diminution of this evil is near at 
hand; because the cotton growers cannot longer disdain 
the commercial advantages of sending cotton to market 
in the best possible condition. Picker fires are neither 
as destructive nor as frequent as formerly, and this 
change is not entirely due to better fire apparatus and 
its more efficient management, but also to improvements 
in the construction of pickers. The general practice of 
openers delivering cotton in a lap, instead of blowing it 
in a gauze room, has served to render these fires more 
easily controlled. 

Several years ago, Mr. Edward Atkinson suggested 
the substitution of phosphor-bronze for iron whippers in 
the beater, as it isa metal less liable to produce sparks 
from contact with hard foreign matter. 

An experimental picker was made to test this matter 
thoroughly ; on one-half of the beater, ordinary whippers 
of Norway iron were used, and on the other half, those 
made of phosphor-bronze. 
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_ of this alloy show that it is superior to iron in safety, 
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When the picker was in operation, a number of pieces 
of iron were fed in, and a shower of sparks was emitted 
from the iron, but not one from the phosphor-b 
beaters; pieces of hard steel were substituted for the” 
iron fed in, but with the same result. Phosphor-bronze 
whippers have been used in the same beater with Nor 
way iron whippers, for eighteen months; at the end of 
that time, the iron whippers had worn into the steel 
rods to which they were hinged, while there was n0 
perceptible wear between the steel rod and the phos 
phor-bronze whippers. The working edges of the 
phosphor-bronze whippers were sharper than those of 
iron. 

The results of extended investigations in the merits 


durability, and efficiency. 

Mr. Atkinson did not patent this improvement, but 
published it freely at the time, for the benefit of those 
who chose to use it. It is questionable whether a valid 
patent could have been obtained for anything so neatly 
approximating the principle of mere substitution of on€ 
well-known substance for another. 

The best makers of this class of machinery use phos 
phor-bronze on all their openers and the front section 
of their breaker lappers. 

The suggestion is made that those owning pickers 
substitute phosphor-bronze in those pickers now in use 

The dust flues of a picker should be ample, and pref 
erably made of galvanized iron. They should not be 
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placed so near to woodwork as to prevent the lint which 
collects in such places from being easily removed; it is 
preferable that the dust flues be situated close to a floor 
or ceiling, rather than at any distance less than six or 
eight inches. 

The floor of a picker room should be kept clean and 
free from loose cotton, so that there would be no chance 
of cotton carrying a train of fire from one mixing bin, 
or pile, to another. 

The fire apparatus of the picker room should com- 
prise numerous pails of water in convenient places, par- 
ticularly upon the floor, under the feeding aprons of the 
pickers, and a reserve supply furnished by casks of 
water. Automatic sprinklers are essential, both in 
picker rooms and the dust room, if the latter is situated 
under the building. : 

Picker rooms are now universally in separate build- 
ings, but for convenience in manufacturing, they must 
be near, and often joined to the main mill. On account 
of the dangers of the operation of cotton picking, every 
expedient should be used in these rooms, to prevent 
fires, as well as all means to extinguish fires, and cut off 
their communication to the main mill. 


FIRE DOORS. 


Picker buildings being separate from the main mill, 
the communicating passage must be provided with fire 
proof doors. A dear-bought experience has shown iron 
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to be absolutely unfit for such purposes. The heat 
slight fire will cause an iron door to sink by its 0 
weight, while the writer has seen double “air 


withered leaves of autumn, when the fire was i 
cient to destroy the paint on them. 

The most efficient fire door is constructed of 
thicknesses of tongued and grooved inch boards laid” 
diagonally across each other, and nailed with wrought 
iron nails driven flush, and clinched on the other side 
This door is then covered on sides and edges with sheets 
of tin locked together like a tin roof. The lintel should 
be tinned and securely fastened to the masonry. Ifa 
swinging door, the hinges should be securely bolted on, 
and not merely fastened with screws. Care must be 
taken that nothing is placed on the floor in the path of 
a swinging fire door; and all fire doors must be closed _ 
at night. The latch of such a door must be of substan 
tial character, and the catch securely fastened. " 

If a sliding door, cleats should be fastened securely — 
on the floor each side of the doorway, to keep the door 
in position against any draft tending to swing it when 
shut. Doors of this construction, although exposed to 
many severe fires, have never been known to fail. The 
covering does not receive enough heat to be melted, 
and by protecting the inclosed wooden door from the — 
air, its combustion is prevented ; and an examination of 
such doors, after an exposure of several hours to the 
flames, shows that the wood has been slowly carbon- 
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ized, the charcoal extending to a depth of only a frac- 
tion of an inch. 

As an example of the behavior of tinned wooden 
doors, compared to iron doors, in resisting the action of 
fire, the writer takes this detailed statement from his 
memorandum, made after the fire in the print works of 
the Pacific Mills, February 7, 1878: 

At the west end of the steaming room, where the fire 
originated from the spontaneous combustion of dyed 
goods, is a brick fire wall eighteen inches in thickness, 
in which are double doors, two inches thick, made of 

_wood, and tinned on both sides. They were put in, as 
I was informed, at the instance of Mr. Wm. B. Whiting, 
about five years ago. The flames were in direct con- 
tact with one door during an hour or an hour and a 
half, in which time the building on fire was destroyed; 
but no flame entered the other room, and only a portion 
of the paint on the other door, eighteen inches distant, 
was blistered. Upon removing the tin from the door 
which had resisted the fire, it was found that the wood 
had been carbonized to a depth of about three-eighths 
ofan inch. This door was not injured for further use. 
Another tinned wood door on the same floor, at the en- 
trance to the packing building, subjected to a less de- 
gree of heat, resisted all action of the fire. 

In the second story, at the east end of the folding 
room, are a pair of wrought iron doors, constructed of 
an iron plate five thirty-seconds of an inch thick, with a 
frame made of three-eighths band iron, three and a half 
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inches wide. One of these doors was held by 
top and bottom, and the other warped about six 
letting the fire into the next room. 

These iron doors were not exposed to as sé 
heat as the tinned ones, as the four-inch floor was burne 
away near the tinned doors; but near the iron doors it 
was burned through only in places. 

In another room, was a sliding cast iron door, 
quarter inch thick at the panels, and eleven-sixteenths 
thick at the stiles; the panels were only six inches in 
width. This door was hung on trucks, three sides bei 
held in iron grooves when shut. A large amount 0 
water was thrown into this room soon after the ala 
was given, and only a small portion of the floor was” 
burned, yet this door was so badly warped, that it could 
be moved with difficulty. This fire presented an in- 
stance showing that the tinned fire door successfully re- 
sisted an intense heat for a long time, while ‘both cast 
and wrought iron doors, of exceptionally good construc: ; 
tion, warped at a comparatively slight degree of heat. 

Similar instances could be given where tinned doors 
were effective and iron doors failed when subjected to — 
the practical test of confining fire to a portion of 2 — 
burning building. 


AUTOMATIC FIRE DOORS. 


The principle of fusible alloy, which has been referred 
to in connection with automatic sprinklers, is made us¢ 
of to operate tinned fire doors. The pair of doors AA, 
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are hung on inclined metal bars, shown at C. The wire 
E sustains a weight inside of the case F. The link D 
is composed of two pieces of thin brass, soldered to- 
gether with solder fusible at 165 degrees; when they 
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FIG. 23.—AUTOMATIC FIRE DOOR, 


separate, the weight falls, the wedges GG, draw back 
‘the bolts HH. allowing the door to close with its own 
weight. This was designed by officers of the Mutual 
Insurance Companies, but not patented. The special 
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castings can be obtained of the Holyoke Machine: 
‘pany. The same device is used in connection 
window shutters, doors to fuel rooms, and also swingin 
doors. 


FRICTION AND SPONTANEOUS COMBUSTION OF OILS. 


This class of losses exceeds those from any other 
cause; from the experience of twenty-nine years, thirty-_ 
seven per cent. in amount of damage is attributed to 
friction and spontaneous combustion of oils; and twenty 
per cent. more to broken lanterns; making an aggre: 
gate of fifty-seven per cent. of losses, not including those ~ 
charged to the oil used for ordinary lighting purposes — 

These deplorable losses seemed, to a great extent 
inevitable, as the consumers had no method of testing 
oils, andthe dealers were generally obliged to be sub- 
servient to the demand, and to supply oil at certain 
prices, or to allow others to furnish the article. 

The Boston Manufacturers’ Mutual Fire Insurance 
Company and their associated companies took up this 
problem in self-defence, to protect their interests and 
those of their clients in these matters, hazardous alike 
to both parties. Several hundred samples of oils were 
collected from the mills, and others were obtained from 
the manufacturers. Each of these samples was sub- 
mitted to all tests which could give any information 
respecting their safety and value as lubricants. 

Detailed results of this work were distributed by the 
Insurance Company among their clients, and they have 


FRICTION AND ‘SPONTANEOUS COMBUSTION OF OILS. 61 


always examined and reported on every sample of oil 
submitted by them, without any fee or hope of reward 
except the indirect benefit of the diminished hazard due 
to the use of better and safer oils. 

Although commercial affairs are by no means forgot- 
ten, the result of this work has changed the important 
specification of oil on the part of these consumers from 
one of price only, to one demanding a standard of 
quality. 

A summary of the results of this work shows that no 
mineral or paraffine lubricating oil should be used which 
flashes at less than 300° Fahrenheit, or which contains 
over five per cent. of matter volatile at 140° in twelve 
hours; that lubricants should be alike free from acid, 
alkali, or mixture of vegetable oils. 

Where it is deemed necessary to use lard, sperm, or 
neatsfoot oils, their tendency to spontaneous combus- 
tion can be prevented by a mixture of one-third to one- 
half mineral oils. Since the publication of these facts, 
these companies have not suffered any serious loss from 
fires attributed to friction; and those caused by sponta- 
neous combustion have been greatly reduced in num- 
ber. There has been a more general application of 
mixed animal and mineral oils for oiling wool, than 
would be generally acknowledged to be the fact, and in 
view of the recent progress of the oil manufacturers, it 
is probable that the objections still in force against 
mixed wool oils on some classes of work will soon be 
overcome. 


; 
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Friction in mule-heads is one of the most pi 
sources of fire due to this cause. They should be kep 
as clean as possible, and thoroughly lubricated. The 
ends of the carriages next to the head should be closed 
as completely as possible, leaving no greater opening 
than necessary for the drum-cords; when fire starts in 
the mule-head, it generally runs through the machine 
with the velocity of a train of powder, unless the carriage 
is very clean, and free from oily waste: hence the abso- 
lute necessity of keeping the whole as clean as possible. 

Pails of water should be hung near the head, placed 
on shelf brackets over it, or on the floor under the front 
of the head. The relative convenience of these several 
positions differs in the mules of various makers; butin 
all cases, the pails should be near at hand for the use _ 
of the operative at the machine. Short-handled mops 
are often kept near the mule-heads, to dip into a pail of 
water and splash upon a fire in its early stages. 

Fires in speeders are generally caused by the wearing 
of the steps, until some of the skew bevel gears are out 
of mesh, and the sparks from the slipping teeth start a 
fire. Small hose supplied with a constant head of water 
are especially convenient in speeder fires. In places 
where there are no facilities for furnishing a constant 
head of water from a tank or reservoir to small hos¢, 
the best substitute is small hand pumps which force 
stream through a short length of hose, and draw their 
supply from a pail of water. 

The best manner to keep these pumps is in a hori- 
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zontal position across two hooks, with the hose hanging 
down ; if there are any short bends in the rubber ‘hose 
it is liable to crack. 

These hand pumps are frequently disabled by corro- 
sion when kept constantly in “ fire-extinguishing ” com- 
pounds, 

The damage caused by spontaneous combustion of 
oily waste should be guarded against by its removal to 
the waste house at the close of every day. 

Waste boxes must not be placed against the steam 
heating pipes; if the limits of the room require them to 
be near the pipes, cleats should be fastened upon the 
floor to kecp them away from contact, and suitable 
woodwork be constructed to protect the pipes from any 
waste falling on them from an overflowing box. 

The best waste boxes are galvanized iron ash cans, 
or old drawing cans. 

The faithful removal of waste at night is insured by 
requiring that after the waste is taken away, the empty 
boxes be placed in the middle of the room, upside down. 
When the watchman travels his rounds, if any of. the 
number of waste boxes are missing from the center of 
the room, it is easy to fix the responsibility for this 
neglect on the proper person. 

In cotton mills all dirty waste, and in woolen mills 
wool card waste and the sweepings of the card room 
should be removed at night. 

Rats destroy more mill property than incendiaries, by 
carrying oily waste to their nests. 
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Oily sawdust is full as liable to spontaneous C01 bus 
tion as oily waste, and fires from sawdust spittoons 
occurred many times. As confirmed habit and 
seem to require the general use of targets for 
ration, boxes of gravel will answer that purpose witho it 
endangering the property. 


LIGHTING APPARATUS. 


So many losses have been caused by the use of gas 
line vapor, that few companies will insure manufactur 
ing lighted with gasoline vapor commingled with ait 
and the subject is hardly a live issue. 

In such lighting systems, the gasoline and the g® 
machines should be in a safe place outside of the build 
ings, and the pipes all incline towards the machine, 9° 
that all the condensed gasoline will flow back towards 
the machine ; and the pipes leading to the burners should 
enter the distributing pipes from the top. 

Lamps and gas burners should be placed where they 
cannot be reached by a cotton lap on the shoulder of @ 
person in the picker room, or passing through the aisles 
of a card room; or any other place where package 
will be carried on the shoulders of operatives. Accidents 
have happened in warper rooms by the operative break: 
ing the hanging lamps with a lease rod. _In such places 
the lamps must not be directly over the heads of the 
operatives, 

It is important that lights should not be placed under 
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the countershafts, so that a person upon a ladder cleaning | 
a countershaft could not reach a light. The destruction 
of the Kearsarge Mills was caused by waste igniting 
from a gas jet, as a man was descending a ladder after 
cleaning a countershaft. The overseer should be first 
in his room in the morning, and the last out at night, 
and the lighting should be done by him or some respon- 


FIG. 24.—WHITING ELECTRIC TORCH. 


sible person subject to his orders, and nothing of the 
kind done in his absence. 
The portable electric lighter of Mr. W. H. H. Whi- 
ting furnishes the safest and most convenient method of 
lighting gas jets. It consists of a battery and a primary 
coil securely encased in two hard rubber cylinders. On ) 
pressing a trigger, a succession of sparks is made under 


the bell which collects the gas flowing from an open 
Sn oe 


~ 


* lighted. This last gas takes up any excess of gasoline 
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burner, by a wire brush connected with one pole rubbin 
against the other pole of the battery. , 

The gauze covered safety lamp is the next jeer 
ble method of lighting the gas. This lamp should 
lighted in the boiler room or some equally safe place, 
and the use of friction matches absolutely prohibited on 
the premises. ' 

Gas pipes leading to a mill should be provided witha 
shut-off gate outside the building. If a few gas lights 
are kept burning for the watchmen, they should be con 
nected to a special small pipe, independent of the main 
supply to the other burners in the mill. 

If carburetters are used, they must be placed outside 
the building, and the gas shut off from circulating 
through them, but pass directly into the mill by another 
pipe, during the last fifteen minutes that the burners ate 


deposited in the pipes, and obviates that danger of 
explosion. 

Gas fixtures should be arranged so that the burner 
cannot be turned against any place where it can set @ 
fire. 

For establishments lighted by oil, plain glass lamps 
are too fragile, and metal lamps frequently give trouble 
by leaking. These objections are met by the Security 
lamp, which consists of a glass lamp within a metal case 
These lamps have been in general use, and the writer 
has never heard of any accident in that connection. 

Another lamp well suited for mill lighting is the 
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Westland safety lamp, which is constructed of two 
heavy glass globes; the inner one.holds the oil, and 
the space between the two contains water charged with 
carbonic acid gas under pressure. It is held that if any 
accident happens to the lamp, the breaking of the outer 
globe will release enough gas to put out the lamp; and 


FIG, 25.--SECURITY LAMP. FIG. 26.—WESTLAND SAFETY LAMP. 


this has proved to be the case when a number of them 
were lighted and broken for purposes of experiment. 

Although the State laws permit the use of oils of 
lower degrees of test, the oils used for lighting in mills 
should not flash at less than 135° Fahr., or give a fire 
test below 150° Fahr. 
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The best method of extinguishing small quantities 
burning oil is by covering it with sand, gravel, or salt 
A wet blanket has often been used with success. 7 


ELECTRIC’ LIGHTING. 


Sir Humphrey Davy, in 1810, exhibited an electric 
light produced by the passage of electricity across the 
space between two carbon poles of a battery of 2,000 
cells. ; 

In 1831, Prof. Michael Faraday found that when a 

. loop of wire was passed through the field of force of 2 
permanent magnet, an electric current was induced in 
the wire. A magneto-electric machine was constructed 
on that principle during the following year by Pixii. 
This opened a new source of electricity capable of fare” 
nishing light, but the limited power of permanent mag- 
nets prevented its general application for such purposes 

Séren Hjorth of Copenhagen, in 1854, built a dynamo- 
electric machine, wherein the permanent magnets hith- 
creo used were replaced by electro-magnets. As the 
limit of the power of an electro-magnet is mainly 4 
question of mechanical construction, this type of machine — 
me capable of generating any desired amount of elec- 
‘tricity. _ 

There are two methods of converting electricity into 
light. ; 

The are light is produced by the current overcoming — 
the resistance offered by the space between the carbon” 
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poles, whereby the energy of the electricity is converted 
into heat, producing such an intense temperature that 
the carbons are slowly volatilized, their tips and also 
the carbon vapor glowing with a brilliancy more intense 
than that of any other artificial light. 

Incandescent lights were first invented by King, in 
1845. In the present form of this type of electric 
lamps, the light is produced by the current overcoming 
the resistance offered by a filament of carbon in vacuum, 
or in a gaS which does not support combustion, and 
raising the carbon to a temperature sufficient to render 
it luminous, without destroying the carbon. 


These records are given to show that the principles 
involved in the electric light were known long ago, 
ante-dating steam railroads and the telegraph. But it is 
only recently that some of the practical and economic 
difficulties have been mastered so as to render its gen- 
eral introduction feasible; enabling it to be used to 
supply the general demand for an artificial light more 
nearly like sunlight in brilliancy possessing the same 
actinic properties, and able to show the difference be- 
tween colors, 

With the use of gas or oil, the air in a lighted mill 
soon becomes so very hot and impure from the products 
of combustion, that it prevents the operatives from ac- 
complishing a full measure of work. In several mills, it 
was found that the temperature of the rooms increased 
11 to 13 degrees after the gas was lighted, and that the 
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use of electric lights did not sensibly affect the temper: — 
ature. 

Dr. William A. Hammond states that a gas burner 
consuming four feet per hour vitiates the air as much as 
the respiration from eight persons. 

The present state of the art of accumulating and 
utilizing electricity approximates more closely to perfec- 
tion than any other method of converting energy into 
work. Those who anticipate radical improvements in 
this respect, are expecting what generations of engin- 
eers have failed to accomplish in the use of steam and — 
water for motive power. i 

Some of the experiments of Mr. John W. Howell 
upon an Edison dynamo machine resulted in obtaining 
an efficiency of .967 of the power applied to the dynamo 
converted into electric energy ; this corresponds to the ; 
steam converted into work in the cylinder of a steam 
engine. The resistance of the dynamo reduced the 
efficiency in respect to the electricity delivered to the 
wires of the system to .go1; this result is similar to 
the proportion which the work, given at the belt of a 
steam engine, bears’ to the energy of the steam, or to 
the relation which the work of a water wheel bears to 
the energy of the water used. There is no doubt that 
the dynamo machines of other inventors give similarly 
efficient results; some of them claim even a superior 
efficiency to that of the Edison dynamo machine. 

The superiority of these results may be appreciated, 
when we state that the best steam engines convert into” 
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work ten to fifteen per cent. of the total energy in the 
steam furnished by the boiler, and this is only six to 
nine per cent. of the calorific energy of the combustion 
of the fuel under the boiler. Water wheels have given 


FIG. 27.—EDISON DYNAMO MACHINE. 


about 90 per cent. of the power of the water, in trials made 
with the gate completely open, but the slight throttling 
due to partial closure of the gate by the governor, such 
as occurs in actual use, and other causes, reduce the 
efficiency very materially. The best mill practice 
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reaches scarcely 75 per cent., and 70 per cent. is the 
estimate generally used. 

In view of the present economic efficiency of tha dy- 
namo machines, it seems as if future improvement would 


the dynamo machine; but in some direct method of 
changing the energy of combustion directly into elec- 
tricity, without the intervention of the comparatively 
inefficient steam engines and boilers. There is oppor _ 
tunity for improvement in the mechanism of the lamps, _ 
and the various appliances to secure uniform illumina-— 
tion and safety ; the purity of the carbons is also a very 
essential feature, and of much importance in securing 2 

satisfactory light. 


Each of the types of electric lamps possesses qualities _ 
which fit them for specific uses. The arc light is adapted — 
for illuminating large spaces, as public squares, halls, 
railway stations, and all places where an exact discrim- — 
ination of colors is necessary. The incandescent light 
resembles the best gaslight in appearance, and is adapt 
ed to places where a uniformly diffused light is prefet- 
able; such as manufacturing involving fine handiwork; 
domestic purposes ; and in hazardous places where the | 
use of exposed lights would be attended with danger 4S 
a flouring mill, where the dust floating in the air is e* 
plosively combustible. 

An incandescent lamp undoubtedly furnishes the safest i 
kind of a light, because the carbon filament is instanta- 
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neously consumed whenever the globe receives an injury. 
They have been broken in contact with gunpowder, 
and the lamp was extinguished before the powder could 
be ignited. The writer has surrounded these globes 
with fine cotton flyings; and breaking the globe, suc- 
ceeded, after several trials, in setting the cotton on fire. 
The experiment was tried to learn if it was possible to 
set anything on fire with these lamps; and it is improb- 
able that the methods used to accomplish this object 
could be repeated by accident. 

Light cotton flyings is probably the most rapidly 
combustible substance used in manufacturing, except 
those chemicals which contain the elements of combus- 
tion in their own composition. 


Although electricity is an unknown form of energy, 
its accumulation, control, and results are as well known 
as those of steam. 

The detailed treatment of electrical matters cannot be 
considered here, but this comparison is made to explain 
the significance of certain, technical expressions which 
pertain to the subject of electric lighting. tte 

The operation of an electric lighting plant, with is 
dynamo machine and system of wires and lamps, 1s 
closely analogous to that of a power pump which draws 
its supply from a tank into which all the water returns. 

The pump is driven by a belt, and forces a, certain 
quantity (gallons) of water per second to a certain pres- 


sure (pounds) ; everywhere in the system of pump, pipes, 
a 


a a 
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and faucets, the water meets with a resistance (friction). — 
The quantity of water can be measured by a water meter, 
and the energy of the current of water can be converted” 
into work by a water motor. The capacity of the pas- 
sages and pipes must be adequate to deliver the quan- — 
tity of water. Uniform pressure with a varying con- — 
sumption of water, may be obtained by means of a relief 
valve which delivers any excess of water into the tank; 
or by a friction clutch in the driving pulley, which limits 
the stress applied to the pump. The efficiency of the 
system is also impaired by leaks and poor construction 
of pump. 

In like manner, the dynamo machine is driven bya 
belt, and accumulates a certain quantity (webers) of 
electricity per second to a certain pressure (volts); every- 
where in the system of dynamo machine, wires, and 
lamps, the electricity meets with a resistance (ohms). 
The quantity of electricity can be measured by a volta- 
meter, and the energy of the current of electricity cam 
be converted into work by a dynamo motor. The con- 
ductivity of the connections and wires must be adequate 
to deliver the quantity of electricity. 

Uniform intensity, with a varying consumption of elec- 
tricity, can be obtained with a resistance box which 
converts any excess of electricity into heat; or by using 
a supplementary dynamo to excite the field magnets 
which maintains a uniform pressure of current, inde- ~ 
pendent of the quantity of electricity used. The same 
result is obtained by a current governor, which alters 


: 
: 
ate 
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the strength of the field magnets in proportion to the 
- quantity of electricity required from the machine. 
The efficiency of the system is also impaired by inade- 
quate insulation and poor construction. 


When electricity was first used for general lighting 
purposes, it was assumed to be perfectly safe; in utter 
disregard of the truism that all kinds of force are dan- 
gerous in the proportion that they transcend absolute 
control. A few accidents to persons and to property, 
resulting from preventable causes, have turned public 
sentiment to the other extreme of considering it very 
hazardous. 

The writer considers that it is impossible to use either 
as or oil for illumination in as safe a manner as a prop- 
erly constructed electric light; but if adequate and well- 
known precautions in its construction, arrangement, and 
management are neglected, each and every portion of 
the electric lighting plant may become a source of dan- 
ger to property by setting it on fire. 

After an investigation of the hazards involved in the 
use of electric lights, on behalf of the Boston Manufac- 


. turers’ Mutual Fire Insurance Company, the following reg- 


ulations were submitted by the writer to that Company: . 


REGULATIONS FOR THE USE OF ELECTRIC LIGHTING APPA- 
RATUS. 


DYNAMO MACHINES. 


Dynamo machines should be located in dry places, 
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not exposed to flyings or easily combustible material, 
and insulated upon wood foundations. They must 
provided with devices capable of controlling any chang 
in the quantity of the current; and if these governors 
are not automatic, a competent person must be in at 
tendance near the machine, whenever it is in operation. 
Each machine should be used with complete wire ¢ 
cuit, and connection of wires with pipes, or the use 
ground circuits in any other method is absolutely p 
hibited. 
The whole system should be kept insulated, am 
tested every day for ground connections at ample time 
before lighting, to remedy faults of insulation, if any are 
discovered. : 
Preference is given for switches constructed with a lap- 
ping connection, so that no electric arc can be formed at 
the switch when it is changed; otherwise the stands o} 
switches, where powerful currents are used, should be 
made of stoneware, glass, slate, or some incombustible 
substance which will withstand the heat of the are when 
the switch is changed. 


WIRES. 


Any conducting wire which is warm to the touch in 
comparison with another wire, is liable to become # 
source of danger, and should be replaced by @ larger 
wire. Conducting wires should be secured to insulating 
fastenings, and covered by an insulation which is wate 
_ proof on the outside. Whenever wires pass through 


ee Pa 
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walls, roofs, floors, or partitions, or where there is a lia- 
bility to abrasion, or exposure to rats and mice, the 
insulation should be protected with lead, hard rubber, 
stoneware, or some other satisfactory material. 

Joints in wires should be securely made and wrapped; 
soldered joints are desirable but not essential. 
Wires should not approach each other nearer than 


one foot, and twice that distance is preferable in con- 
ducting electricity of high tension. Care should be 


taken that wires are not placed above each other in such 
a manner that water would be liable to make a cross 
connection. 

The chances of a broken wire should be everywhere 
provided against by securing the wires on suitable insu- 
lators; avoiding danger from an accumulation of lint, 


' by placing them one-eighth to one-quarter of an inch 


from the walls, ceilings, or beams, except where neces- 
sary to lead to the lamps, and in all cases avoiding 
loops of wire, or leading it across the space from beam 
to beam. 

A cut-out should be placed in the circuit outside of 
each building, in a well protected and accessible place. 


ARC LAMPS, 


The lamp frames and other exposed parts of lamps 
should be insulated from the circuit. Each lamp should 
be provided with a separate hand switch ; and also. with 
an automatic switch which will close the circuit, and put 
the lamp out whenever the carbons do not approach 
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each other, or the resistance of the lamp becomes ex- 
cessive from any cause. 

The light should be surrounded by a globe, and, 
when near combustible material, this globe should be 
protected by a wire netting. The globe should rest in 
a tight stand, so that no particles of melted copper oF 
heated carbon can escape. Broken or cracked globes — 
should be replaced immediately.. Unless the globe is — 
very high, and closes in as far as possible at the top, it~ 
should be covered by some protector reaching to a safe 
distance above the light. Flat sheets of metal or wire 
gauze should not be used for this purpose, because flyings — 
will collect upon such places when the lamps are not in 
use. 

The lamps should be provided with some arrange- 
ment or device to prevent the lower carbons from falling 
out, in case the clamp should not hold them securely. 


INCANDESCENT LAMPS, 


The small wires leading to each lamp from the main — J 
wires should be very perfectly insulated, and, if sepa — 
rated or broken, no attempt should be made to join 
them while the current is in the main wires. 

The conducting wires leading to each building should 
be provided with an automatic switch or cut-out, OF” ‘its 
equivalent, capable of protecting the system from any 
injury from an excessive current of electricity. 


ELECTRIC LIGHTING. 


ELECTRIC LAMPS. 


The unit of measurement of light is expressed in can- 
dle power, which is the light furnished by a standard 
wax candle, burning 120 grains per hour. The candle 
power of burning gas is the light given by an argand 
burner consuming 5 cubic feet of gas per hour. 

The light of electric lamps is expressed in candle 
power, but the method of its measurement is so purely 
conventional that the quantity of light, measured in that 
manner, bears no direct ratio to the illuminating power of 
other methods of illumination as given in candle power. 

With the electric arc lamp, the strongest rays of light 
are thrown down at an angle of 45 degrees. An arc lamp 
which gives light of 2000 candle power, when measured 
in the conventional manner from an angle of 45 degrees 
from the axis of the carbons, yields light of about 970 
candle power in horizontal directions. 

The arc light is so intense that, in most instances, it is 
hecessary to use a globe which will diffuse and soften 


: the light. 

: ___ It has been stated that the following proportions of 
: ; light are absorbed by the several kinds of glass shades 
in use: 

if Plain glass, 10 per cent. 

* Ground glass, 30 “ “ 

Thin white glass, 45 “ “ 


Thick white glass,60 “ “ 
The ratio of supplanting arc for gas lights varies with 
the place and kind of work; ‘but in textile factories the 
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practice has been to place one 2000 candle power are 


light for ten to twenty gas lights of ten candle power 
each. 


The total quantity of light is undoubtedly more inthe 


FIG. 28.—BRUSH ARC LAMP. 


case of the electric lights, but this is the substitution 
generally made. The general demand is for more light 


rather than for cheaper light. If low cost was the sole 


aim in illumination, kerosene oil would have superseded 
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gas. In buildings containing machinery, the electric 
light is more agreeable, if the lamps are hung on springs, 
so that the tremor of the mill will not jar the lamp. 


FIG. 29.—WESTON ARC LAMP. 


The economy of the conversion of electricity into light 

is much greater with high than with low temperatures; 
and for this reason, a given amount of power will produce 

a greater quantity of light in are lamps where the heat 


is sufficient to volatilize the carbon, than is possible in 
“ne 
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the incandescent system where the carbon must be pre- 
served intact. The operation of different systems of in-” 
candescent lighting is economical in proportion to the 
temperature to which their carbon filaments can be sub- — 
jected. 

The fact that the are light produces the greater 
amount of light per horse-power, does not render it 
more economical than the incandescent light, where @ 
uniformly diffused light is desired. 5 

The principal styles of electric lights used in this 
country, are here shown. 

Figure 28 represents the form of arc lamp invented LB) 
Charles F. Brush for especial use in hazardous places in 
mills. The globe rests in a tightly fitting holder at the 
base, and the top of the globe is covered by a tin ba : 
tector which prevents any foreign matter from reaching | 
the light. The upper portion of the lamp contains aa 
automatic device which shuts off the electricity and eX 
tinguishes the lamp, whenever any accident prevents 
the carbons from coming together, or the operation of 
the lamp is interfered with in any other manner. 

The dynamo machines of this system are provided 
with a current governor, which automatically varies the 
electro-motive force of the dynamo in proportion to the 
number of lights in use. 

Figure 29 shows the arc lamp invented by Edward 
Weston. These lamps, which are intended for use i” 
hazardous places, are securely closed, as represented. 

If the lamp is neglected until the carbons are com 
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sumed, an automatic switch extinguishes the light. In 
the Weston dynamo machine, the electro-motive force 
of the current can be varied to suit the number of lights 
in use. 

Figure 30 shows the incandescent lamp invented by 
Thomas A. Edison. It consists of a filament of carbon 
made from bamboo. The air is exhausted from the 


FIG, 30,—EDISON INCANDESCENT LAMP. 


globe, which is afterwards sealed. The light can be 
turned off and on by a switch with a handle resembling 
the stop cock of an ordinary gas jet. 

If the electric current exceeds a certain quantity, the 
temperature becomes so intense that the carbons are 
destroyed; but the lamps in the Edison system of 
lighting are protected from any excessive current by 
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safety catches, which consist of a piece of lead wire in- 
troduced in the circuit. This lead wire has a capacity 
just sufficient to conduct the quantity of electricity nor- 
mally used by the lamps; if the quantity exceeds this 
limit, the lead wire instantly melts, and thereby cutting 
off the current, prevents all further damage. These 
safety catches are placed in the conducting wires enter 
ing each building and room, and also at various places 
in the general main wires in the streets. Fig. 31 shows 


FIG. 31.--EDISON SAFETY CATCH. 


the construction of the Edison safety catch. The hollow 
knob contains the lead wire which forms a part of the 
circuit, when the knob is screwed in place. When the 
lead wire is melted by any excessive current which 
would otherwise have destroyed the lamps, another catch 
is readily substituted by screwing in another knob. 
Hiram Maxim has invented the incandescent light 
shown in figure 32. The carbon filament is made from 
a special kind of cardboard, whose resistance to the 
electric current is rendered equal to each other and 


a 
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uniform throughout by filling the globe with hydro-car- 
bon vapor, after the air has been exhausted. A current 
of electricity is passed through the carbon filament 
which becomes heated and causes the carbon from the 
vapor to be deposited upon it. The carbon filament 


glows most intensely at points where its conductivity is 


FIG, 32.—-MAXIM INCANDESCENT LAMP. 


the least, and the deposit is most rapid at such places. 

When the resistance has been sufficiently reduced, the 
vapor is exhausted and the globe sealed. 

This method produces carbon filaments of uniform re- 
sistance, and the total resistance of the carbons can be 
reduced to any desired limit. The dynamo machine 
used on these lamps has a supplementary machine to 
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excite the magnets, and, by this arrangement, the ma- 
chine produces currents of uniform intensity, within 5 
the limits of the capacity of the machine, irrespective of - 
the number of lights in use. The writer has seen all — 
the lights, except one, instantly disconnected without 
affecting the remaining light, which glowed with a uni- 
form brilliancy. 
SIZE OF CONDUCTING WIRES. 
The size of wires should be determined by a compe — 
tent electrician, because, if they are insufficient to con 
duct the quantity of current required, the proportionate — 
amount of electricity necessary to overcome the resist- 
ance of too small a wire will be converted into heat, and 
thus rob the lamps of so much light. The electric light- 
ing companies have found that, as a practical measure, 
it is unadvisable to use conducting wires smaller than 
number 10 English gauge, or number 8 American gauge 
(about 1% of an inch diameter) for arc light wires, and 
larger wires for incandescent lamps. 
The writer made some experiments with Mr. Charles 
F. Brush upon a forty-light Brush dynamo machine to 
determine the dangerous limit of the size of wire. Num- 
ber 9 copper wire was used, and there were thirty-seve? 
Brush arc lamps in the circuit. The conducting wire 
was parted in one place for two feet, and the circuit | 
completed by substituting smaller copper wires of sizes 
as measured by micrometer callipers. First wire, 057 
inches in diameter, no appreciable heating. Second wire, 
-045 inches in diameter, heating appreciable onlyin com 
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parison with another wire. Third wire, .o40 inches in 
_ diameter, wire slightly warm. Fourth wire, .027 inches 
in diameter, wire quite warm. Fifth wire, .o18 inches 
in diameter, wire too warm to be held in the hand, but 
‘would not light a match. Sixth wire, .or1 inches in di- 
_ ameter, heated the wire red hot, but conducted the whole 
current of the machine supplying 37 arc lamps. The 
area of cross section of this wire, .or1 inches in diameter, 
is ;4, of that of the number 8 wire generally used for 
such systems of lighting, and the ratio of the conduc- 
tivity is the same as the relative areas. The heating 
_ property of an electric current depends upon its quantity, 
and not upon its intensity ; hence the reason that the in- 
candescent system, which uses large quantity of electricity 
at low tension, requires larger wire than the arc lamp 
system with its electricity of comparatively small quantity 
_ and high tension. 
NECESSITY OF INSULATION. 
There have been many instances within my observa- 
tion where a connection between uninsulated wires of- 
fered a better conductor than the lamps on the circuit, 
and enough of the current followed this path to set com- 
: bustible material on fire. 
In one instance of a mill lighted by electricity, the 
conducting wires were parallel over each other and 
against the walls. Water leaked through when the 
floor above was washed, and formed a better conductor 
than the lamps, and the electricity following this water 
charred the wood and then set it on fire. 
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The writer made some experiments upon this subject” 
in company with Mr. Charles F. Brush. 

With the 40 light dynamo machine supplying 37 arc 
lights, the naked copper conducting wires were ace 
by staples to a dry pine board about six feet in length 
and one foot between wires. 

There was a slight leakage of electricity between the : 
wires across the board which was increased by laying” 
damp cotton batting across the wires. t 

The cotton was slightly warmed, but did not take 
fire. The board was sponged with hydrant water and 
left damp, which increased the conductivity; which was — 
augmented still more by adding a further supply of 
water. Various experiments were tried, all showing the — 
leakage of electricity with the naked wires against the 2 
board. 

When the board was moistened with sa/é watery — 
the conductivity increased so that the electricity freely 
crossed the board, setting it on fire in several places. 

Pure water is a very poor conductor of electricity, 
but whenever any foreign matter is in solution, as the - 
salt and lime taken up by its flowing over whitewash, — 
its conductivity is increased several thousand times. 

The dangers from water forming a cross arc are pre — 
ventable by suitable waterproof insulating material vee 
the wires, and the exercise of care in fastening the wires 
so that there will be no immediate contact with wood. 
This is especially necessary in dyehouses, bleacheries, 
and paper mills, where some of the damp processes 
deposit moisture upon all cold objects. 


DANGERS TO TELEPHONES AND TELEGRAPH INSTRUMENTS. 


Electric light wires frequently destroy telephones 
and telegraph instruments whenever their wires cross 
those of an uninsulated electric lighting system. The 
electro-magnets of telegraph instruments have been 
burned twelve miles away from the place where the 
connection was made between the wires; and there is 
scarcely a limit to the distance which such a powerful 
current would run on a telegraph wire. 

There have been instances where every telephone on 
a circuit was burned out by a single contact with elec- 
tric light wires. 

In places where such insulation of electric light wires 
has been neglected, the telephones can be protected by 
introducing in its circuit a safety catch—similar to those 
used to protect incandescent lamps, consisting of a piece 
of lead wire of conductivity which is merely sufficient to 
carry the usual amount of electricity without heating; 
but if the quantity of the electric current on the wire is 
increased by contact with an electric lighting wire, the 
lead would thereby be melted and cut off connection 
before any further damage could take place. 


COST OF ELECTRIC LIGHTING. 


The cost of maintenance in a system of lighting gen- 
erally bears little relation to its intrinsic worth. It is 
difficult to institute a comparison between the various 
methods of illumination, because a change in the source 
of light is always used as a pretext to increase the total 
quantity of light. Where the use of shades of color is 
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involved, electricity furnishes the only artificial light 
which can be feasibly used; and in such cases when the 
operation of a certain department would otherwise be 
limited to the duration of the sunlight, the economy 
from the use of the electric light is to a certain extent 
proportionate to extra profits accruing from this exten- 
sion of the time of labor. 

In other departments of manufacturing, the aid to the 
production of perfect work by this improved illumination 
is a source of additional revenue, because the proportion 
of damaged goods usually made when the mill is badly 
lighted, is thereby diminished. 

In addition to these facts bearing on the cost of elec- 
tric lighting, it must be remembered that the expense 
varies largely with the proportionate time while the 
light is in use, because the interest on the plant is rela- 
tively a smaller item in the total cost in the proportion 
that the light is in use. 

In a well designed cotton mill running 66 hours per 
week, light is used 450 hours per annum. 

Lights are used a greater number of hours in a fancy 
or a woolen mill, and in a one story mill they ere not 
used as much. 

In the Globe Mill at Woonsocket, two weave rooms; 
each 300 by 66 feet, and 14 feet high, manufacture 
the same kind of goods. Gas was replaced by elec 
tricity for lighting, the arc lights being used on one 
floor, and the incandescent lights on the other. id 

The agent of these mills has furnished the following 
estimate of lighting on each system: 
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“Coal gas taken from the Woonsocket Gas Co. 
@ $2.20 per thousand. The average cost 
per burner for 6 months $3.93. 
Room A. Cost of gas for 216 burners @ $3.93 $837 18 
Cost of incandescent electric lighting, with 117 
lamps: 
Engine requires 2.25 pounds coal per horse 
power per hour, costing $6.24 per ton. 
Cost of 25 horse power for 363% hours. 
_ Lamps warranted 400 hours, and cost 50 cents 
for renewal. 
Charge 28% of $58.50 for depreciation of lamps- 53 09 
. [Only fifteen carbons broke from various causes 
during this time, and they were replaced 


by manufacturers]. 
y No extra cost for attendance. 
- ost of plant $3150. Charge 10 per cent. for 
interest and depreciation for six months.. 315 00 


Total cost of incandescent light 
Total cost of gas. 
Cost of incandescent light equivalent to gas at $1.11” 
per thousand. f 
Room B. 
- Cost of gas for 200 burners @ $3.93 
Cost of arc lighting with 20 lamps: 
Cost of 16 horse power for 3633 hours 
154 hours labor cleaning shades and arranging 
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breight onicarbonssssse-< 22-22 sont eee 13 
Cost of plant $3434. Charge ro per cent. for 4 
interest and depreciation for six months-. 343 49 


lotalcostiof: gas.) -...-... 2... $786 00 

Cost of arc light equivalent to gasat $1.32 perthousand, 
These results apply to this specific case, and the re 
sult would vary with other places with different height 
of room and class of work. 
The relative quantities of light used by the three 
sources of illumination was not measured, but the arc. 
lamps undoubtedly gave more than either of the’ other 
systems. 
Most factories are driven by water power, with sup-_ 
plementary steam power during low water in the sum- 
mer months ; the electric light would be used only during 
the short days in winter at a time when there is usually 
an abundance of water, and the extra power used by 
the dynamo machine is supplied by the use of more 
water without requiring any additional expense. 
The estimate for the items of cost of power and per- 
centage of depreciation are little more than matters of 
opinion, but the estimate of several manufacturers gives 
the cost of the arc light as equivalent to the cost of gas 
at $1.00 per thousand feet. 


SPARKS AND DEFECTIVE CHIMNEYS 


Have caused a large number of fires, but the amount 
of the losses are small in the aggregate. Most of them 
were the roofs of foundries set on fire by sparks from the 
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cupola furnace, during a heat. At such times, a watch- 
man ought to be stationed on the roof. Cracks in the 
brickwork of chimneys and annealing furnaces have 
given some trouble. 

The cause of incendiary fires is so well treated by law, 
that further reference is unnecessary, but temptation 
should be removed from all evil disposed persons by 
securely fencing in the grounds of an establishment, and 
providing watchmen.* 


WATCH CLOCKS. 


Systematic as well as honest work on the part of the 
watchmen is easily obtained by the use of the watch 
clocks. 

The best watch clocks are those where the signal of 
the watchmen at the several stations is transmitted by 
electricity to the paper sheet in the clock at the office, 
making a record of the exact time at which each station 
was visited. Some of the later watch clocks also ring 
an alarm bell at the house of the superintendent or 
wherever desired, if the watchman is five or ten minutes 
late at any station; the presumption being that some . 
unusual exigency of fire, robbery, or accident was de- 
poe hin, oy kee 

* One evening a June bug flew into the carding room of a cotton mill 
which was in operation day and night. The leg of the insect caught 
a piece of roving, and he flew into a gas light ; the roving caught fire, 
and dropping into a can of cotton sliver ignited that, and started a 


blaze which would have been serious, had it not been for the presence 
of mind of an operative, who smothered the fire by covering the top 


of the drawing can with his coat. 
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FIRES FROM STEAM HEATING PIPES. 


Steam pipes cause fires in two ways: first, by assisting 
spontaneous combustion of oily fibre ; and, secondly, by 
very slow carbonization of wood at a low temperature, — 
forming charcoal, which will ignite at a slightly higher — 
temperature. It is a well known fact in chemistry, that 
the temperature at which charcoal will take fire varies — 
with the temperature at which it is made, The ex — 
tremely low temperature at which some forms of carbon 
will ignite, is shown by the familiar experiment of burn: — 
ing tinder in a close glass tube fitted with a piston; the — 
heat developed by the condensed air, when the piston is 
forced down, being sufficient to ignite the tinder. 

The writer has seen charcoal ignited by the heat ofa 
horizontal flue, which was cool enough to serve for a 
walk. 

Steam pipes must be kept clear of combustible mate- 
rial of all kinds and nature. In passing through hollow 
walls and floors, the pipe should be surrounded by @ 
sleeve made of larger pipe, large enough to leave a free 
air space between the steam pipe and outer pipe. Rats 


are prone to make their nests around steam pipes iM 
such concealed places. 


Brooms and mops frequently hang at the sides of the 
rooms, with the ends touching the pipes; if the leather 
loops by which they are hung, were changed from the 
end of the handle to near the middle, the lower ends 
are away from the pipes, and the hooks upon which the 
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brooms are hung as readily within the reach of the 
help. 

A mop used to wash a card room floor was hung upon 
the steam pipes to dry. In the course of a few hours 
it burst into flames, setting a fire that. was subdued 
with difficulty. In picker rooms, light fences should 
guard the steam pipes from contact with laps or loose 
cotton. 

The necessity for all this excessive espionage can be 
saved, available area added to the mill, and all portions 
of the mill containing machinery can be more uniformly 
and economically warmed by elevating the steam pipes, 
running them around the rooms, about two feet from 
the walls and ceiling; the lines of pipe laying side by 
side in a horizontal plane. The writer is well aware 
that this statement offends all that is ancient and honor- 
able in the way of traditions and prejudices, based on 
an assumption that such rooms are heated solely by the 
convection of warmed air, circulating entirely by reason 
of its lighter specific gravity. Let us appeal to direct 
experiments, and hold to the results established by an 
examination of facts. 

It is true that an empty room in which the air was 
- quiescent would be warmed much more rapidly by the 
application of heat at the level of the floor, and relying 
upon the convection of the heated air to rise, displacing 
the cold air which in turn circulates to the bottom, and 
is there warmed. 

It is commonly assumed that such a course of events 
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takes place in every room warmed from below. The — 
various objects in the room, the disturbance of the air 
caused by the moving machinery, and the position of 
the steam heating pipes under the benches and behind 
various objects, all form eddies or present obstructions 
to the circulation of the air, wholly independent and 
much stronger than the forces of convection. 

The steam heating pipes in a certain machine shop — 
were recently elevated to near the ceiling, and were 
wiped with oily waste; when the steam was admitted 
the smoke of this oil on the pipes, evidently following 
the circulation of heat, did not rise exclusively, but dif 
fused itself radially in all directions; showing that the 
air was heated by direct radiation and not by absolute 
convection. : 

Some experiments upon steam heating were made in — 
the card room of a cotton mill in New Hampshire. The 
room measured 400 by 74 feet; there were five rows of 
pipes around the room; against the walls near the floor, 
in the first instance, and in the second, there were four 
rows of pipe around the room, two feet from the walls, 
and hung the samé distance below the ceiling, requir- 
ing only three-quarters as much pipe as in the first 
instance. 

The chemical thermometers which were used, agreed 
with each other, and are presumed to be correct. 

Hourly observations of the temperature were taken 
in the midle of the room, sixteen inches from the floor 
midway, and sixteen inches from the ceiling. 
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MEAN TEMPERATURE OF HOURLY READINGS. | - 


Degrees Fahrenheit. 


Thermometers hung in center of room. |~ 
Pipes at side Pipes elevated 
Dee. 29 to Jan. 5. | Jan. a9 to Feb. 5. 


Other records have been taken elsewhere with sub- 
stantially identical results, but this one was selected on 
account of the size of the room. Out of the forty-two 
replies to letters of inquiry sent to managers of cotton, 
woollen, paper, and jute mills, from Canada to Maryland, 
_ whose establishments were known to contain over-head 
steam heating pipes, only two replies were absolutely 
unfavorable, which shows a remarkable unanimity of 
opinion, such as would be held upon very few subjects 
of equal merit, by so many different persons. 

Some writers stated that twenty-five per cent. of the 
Steam used for heating was saved; but this is a matter 
of comparatively little moment, as most of the heating is 
done by exhaust steam, which would not otherwise be 
utilized, except to relieve the engine of a slight increase 
in resistance due to back pressure. 

The use of elevated steam heating pipes in rooms 
which do not contain machinery in operation, has not 
been sufficiently general to warrant any decided opinion 
upon such an arrangement. Some rag rooms in paper 
mills, and sorting rooms in woollen mills, neither of which 
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places have any moving machinery, have been provided 
with over-head steam heating pipes with satisfactory ream 
sults. In one instance, a rag room has been so heated — 
for six years, but these few instances do not warrant amy 
general statement approving their introduction in rooms 
without any machinery. 

On the other hand, where there is machinery in oper- : 
ation, the practical results of elevating steam heating — 
pipes, and moving them away from the walls, have been 
so favorable that the writer never knew of such pipes 
being moved back to the usual position near the floor. 


the sheep has been ignited by the steam pipes. 

This softening can be done much more efficiently and — 
with perfect safety, in the following manner: 

A box about eight feet long, two feet wide, and six 
inches deep is provided with a bottom made of wire 
gauze of about one-half inch mesh. Under this box, is é. 
a piece of iron pipe, with perforations upon the upper : z 
side, and connected with the steam supply. When this 
box is filled with fleeces, and the numerous jets of steam 
blown through them, they are softened much more rap 
idly than by warming in the usual manner around steam 
pipes or stoves. 


SPONTANEOUS COMBUSTION FROM DYEING. 


Spontaneous combustion of dyed cloth or yarn is a ‘, 
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source of great danger in the present state of the art of 
dyeing, as many of the most desirable shades of color 
are developed by oxidation from exposure to the air. 

The total heat generated by an equal amount of oxi- 
dation is identical, whether it proceeds at so slow a rate 
as to show its effect only in the change of appearance 
of the article, or so rapid that the temperature is high 
enough to consume the substance and ignite the fabric. 
Ifthe goods are already warm from the process of dry- 
ing, a slighter increment of temperature is required to 
ignite the whole, than when it is cold; and if the cloth 
is in a tight roll, or in a dense mass of any kind, the 
heat of oxidation is not conducted away so rapidly as 
when it is open and the whole exposed to currents of 
air. It is essential that the goods should be thoroughly 
aired and cooled as they come from the drying cans, 
before being rolled up, gathered in sacks or piled in 
bulk. There is danger of spontaneous combustion in 
blacks made from aniline or its salts, even in logwood 
and iron blacks: browns made from catechu, cutch, gam- 
bier, or terra Japonica ; iron buffs, indigo blue, and cloth 
Prepared with oil for Turkey red. 

It is generally assumed that there is no danger after 
the goods have been sized, and it is indeed true that it 
impedes rapid oxidation and diminishes the danger, but 
fires at this stage of manufacture are not unknown. 

At night, stock and goods just delivered from drying 
processes, even if supposed to be cool, should be stored 
in rooms whose woodwork is covered with tin, or with 


— 
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plaster on wire lathing, and protected by automatic 
sprinklers; and the route of the watchman laid out with 
reference to a close and frequent inspection of the room. 
It must be borne in mind that this class of fires are very 
destructive, spreading with great rapidity and usually 
occurring at night. 


BROKEN LANTERNS. 


Fires from broken lanterns have cost the Mill Mutual 
Companies over one million dollars. The general nature 
of the origin of these fires has been due to the breakage 
of lanterns with inadequate guards; or some slight 
shock dropping the lamp held in the lantern only by 
springs. In some cases fires have been traced to the 
watchman opening his lantern to pick the wick. 

The globe lanterns used for general purposes should 
be strongly guarded by wires, about an inch and a half 
to two inches apart, and the lamp set in from above, 
so that the whole will be ‘secure, independent of any 
springs. 

For watchmen, bull’s-eye lanterns made of sheet brass 
riveted together, being fastened without the use of solder; 
lamp put in from above; the door fastened by a spring 
lock, whose key is chained up.in the boiler room or some 
safe place, constitute a watchman’s lantern which is pr 
vided with every desirable safeguard. With such an 
arrangement, if the lamp needs attention at any time, the 
lantern will be opened ina safe place, where the propel 
ty will not be uselessly endangered. 


SELF INSURANCE. 


All lanterns should have a bail large enough to fit the 
area, and the bull’s-eye also provided with a flat strip to 
hook upon the belt of the watchman. 

Whenever lanterns are used during repairs, there 
should be, at least, two men present. 

Three years ago, the leading Mutual Company distrib- 
uted among its clients a circular, giving information re- 
specting dangers in the use of lanterns, the principal faults 
in the general construction of those in use, and directing 
to a number of places where those of good safe construc- 
tion could be purchased. This advice was universally 
followed; the owners of mills remedying that defect in 
their equipment, wherever such faults existed; and since 
that time there has not been a single fire from lanterns. 

The remainder of the fires in the list are either from 
causes beyond control, or are matters that pertain to 
any generally efficient administration of affairs in a well 
organized establishment. 

This examination of a long list of fires indicates what 
a large proportion of the destruction by fire can be 
diminished and almost absolutely prevented by the use 
of adequate fire apparatus and taking measures to con- 
trol the most probable causes of fire wherever they exist. 


SELF INSURANCE. 


Continued reference has been made to the work of 
the Factory Mutual Insurance Companies, which is a 
system of codperative insurance among the textile fac- 
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tories and paper mills of New England, originating with 
the Hon. Zachariah Allen in 1836, and widely extended 
by the late Edward E. Manton and his associates; but 
the successful administration of the general policy of 
these companies in the execution of measures tending to 
reduce destruction by encouraging better construction” 
of mills, modification or removal of dangerous processes, 
adequate fire apparatus, and cleanliness of operation, is 
largely due to Mr. William B. Whiting, whose mechani- 
cal judgment, experience, and skill as a manufacturer 
has been devoted to the interests of the Mutuals for 
many years. The writer wishes to express his obliga- 
tions to Mr. Edward Atkinson, President of the Boston 
Manufacturers’ Mutual, for his courtesy in permitting 
the use of information belonging to that company upon 
the subject of causes of mill fires. 

In a general way, the protective methods of the 
Mutual Companies apply to every industrial establish- 
ment. The success of this policy is shown by the 
fact that since their commencement, it has diminished 
the annual cost of insuring this class of property from 
two and a half to less than one-third of one per cent. 

This reduction is in no sense a measure of the whole 
advantage accruing to proprietors from the reduced 
hazard, because insurance indemnifies only to the limit 
of that partial value of the whole property covéred by 
the amount of the policies, and does not extend to pro- 


tection against the serious damage caused by interrup- 
tion to business. 
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It is questionable whether any other manufacturing 
industries than those of cotton, woolen and paper have 
large enough aggregations of capital schooled by close 
competition into that sufficient uniformity of administra- 
tion necessary to enter into schemes of mutual insur- 
ance. 


In some classes of manufacturing property, the exces- 
sive rates limit judicious insurance; but even at such 
high rates, it is not considered a desirable class of un- 
derwriting by companies doing a general business. 

The remedy for this is evident, in view of what has 
been accomplished without requiring any establishment 
to take any measures, which every manufacturer ought 
not to take for self protection. 

The hazard of a manufacturing establishment is due 
to so many circumstances, that there are no absolute 
detailed rules of equipment and administration capable 
of universal application; but it is an unwritten law, 
based on the experience of those familiar with the 
subject. . . 

In these pages it has been the endeavor of the writer 
to enforce, as paramount to the important features of 
adequate apparatus or sound construction, the absolute 
necessity of efficient fire organization, and cleanliness in 
every department of manufacture. + 

The i investigations of the Mutuals into dangerous meth: : 
ods and processes have resulted in savings to the insured; 
as in every instance thus far in manufacturing and con- 
Struction, the safest way has always proved to be the 
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cheapest way. Notably, in the case of lubrication, 

are numerous instances where the advice of the Mutu 

has resulted in the saving to a mill, in the item of lu! 

cating oils alone, of an annual expense equal to 

the cost of insurance. 
There is no reason in the nature of the processes or 

combustibility of the material why manufactories using 

wood, leather, or iron should be more dangerous tha 

a cotton mill. Those who are acquainted with the 

plosive rapidity of combustion of fine cotton lint, will n 

readily believe it to be possible that burning flour 

is any farther beyond the control of adequate fire ap 

satus than light cotton in an oily mill; while flourit 


tinually threaten textile mills. 

Self-insurance is the first duty of a business man, an 
in the interests entrusted to his charge, the value of the - 
continuity of operation of a profitable business as well 
as the equity of a property above the amount covered by 
insurance, is enough to warrant any reasonable measures 
for self-protection regardless of rates of insurance. 


MILL CONSTRUCTION. 


Uritrry is the fundamental element in design; the fit: 
: ness of means to ends being paramount to other consid- 
erations. 
Anil being constructed for mechanical puposes, and 
solely with a view to commercial profit, its design ap 
proaches perfection to the extent that it suggests stabil- 
ity and convenience. 
Those decorative effects which are essential to the 
~ harmony of a building erected for art, religion, or gov- 
ernment, are out of place in industrial architecture ext 
_ cept so far as they can be made consistent with utility, 
and wholly subordinate thereto. It by no means follows 
that useful buildings must be of bad proportions or offens- 
ive to the taste. 

The experience of the Factory Mutuals has shown 
that in mill and storehouse construction, where consid- 
€rations of safety, convenience, and stability are eemen: 
tial, the following prevalent features of bad construction 
should be omitted: 

Bad roofs. 

Rafters of plank 18 inches to 24 inches between 


centers, set edgewise. vot 


MILL CONSTRUCTION. 


Any roof plank less than 2 inches thick (3 inches 
ferred) ; any covering which is not grooved and spli 
Any hollow space of an inch or more in a roof 

Any and every mode of sheathing on the inside o 
roof so as to leave a hollow space. 

Any and every kind of metal roof, except a tin or 
per covering on plank. 

Boxed cornices of every kind. 

Bad floors, containing hollow spaces, or unne 
openings. 


timber, making a hollow floor. 


Bad ny leaving Ballow spaces, or flues. 


space between the finish and the was 

Wooden dados, if furred off. 

Open elevators. 

Iron doors; iron shutters. 

Any and all concealed spaces, wooden flues or wood 
ventilators of every kind, in which fire can lurk or spree 
and be protected from water. ? 

Any and all openings from one floor to another, 0 
from one department to another, except such as are l £, 
solutely required for the conduct of the business (all neces- 
sary openings should be protected by self-closing hatches 
or shutters, or by adequate wooden fire doors covers oy 
with tin; automatic doors preferred in many places: — 
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; In general, it may be said that the method of con- 
truction to be avoided, in a factory or storehouse, is the 
“one still commonly adopted in the construction of what 
are called stone churches, brick school houses, stone and 


On the other hand there are certain features which 
. are essential in the 
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Solid beams, or beams bolted closely together, eight 

to ten feet between centers. Not to be painted, var- 

nished, or “filled” for at least three years after the build- 

ing is finished, lest dry-rot should ensue. Ends of 

timbers ventilated by an inch air space each side in the 
masonry. : 

Roof nearly flat; timbers laid across the tops of the 

_ Walls to project eighteen to thirty-six inches as may be 

desired, serving as brackets. Plank laid to the ends of 

the timbers. Neither gutters nor boxed cornices of any 

‘kind. Wooden posts of suitable size, not tapered, unless 

when single posts turned from the trunks of trees with 

the heart asa center, following the natural taper. Cores 

_ bored one and a half inches diameter; two half inch 

holes transversely through the post near top and bottom 

for ventilation. 
Floor planks not less than three inches thick for eight 
foot bays; three and a half to four for wider bays. In 
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_ some cases, beams have been placed twelve feet apart, 
with four inch plank for the floor; but in such cases a 
_ careful computation of the strength should be made, 
based upon the load to be placed thereon, before so wide 
_ aspace between beams is adopted, lest there should be 
excessive deflection. The better method, where the 
"arrangement of the machinery requires such wide bays, 
is to alter the plan of floor timbers. Top floor one and 

a quarter inch boards of Southern pine, maple, or some 
hard wood. The best construction requires this top 
floor to be laid over three-quarter inch mortar, or two 
thicknesses of rosin sized sheathing paper, certain grades 
of which are now made especially for this purpose. 

All rooms in which special dangers exist, such as hot 
_ drying to be protected overhead with plastering on wire 

lath, following the line of ceiling and timber, thus avoid- 
ing any cavity in the ceiling. In such rooms, the 
wooden posts should also be protected with tin, care 
being taken to leave the half-inch holes through the 
posts near the top and base uncovered, so that dry-rot 
may not take place. 
The heat of a slight fire which could not seriously 
injure a solid wood beam or post, will weaken iron 
columns or girders to such an extent that they cannot 
sustain the loads which are ordinarily borne with safety. 
In other instances, damage results whenever cold water 
is thrown upon heated iron work, as the sudden contrac- 
tion distorts the iron and frequently ruins the structure. 
No building can be considered equipped to resist fire, 
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when its construction involves any exposed iron work 
near combustible portions of the building or its con- 
tents. 

There are various methods of protecting iron columns 


FIG. 34.—COMBINATION FIRE-PROOF COLUMN CF CAST IRON AND WOOD. 


one of which consists of encasing them by wood covered 
with plastering held on by wire lathing. Mortar will 
not rust iron, but plaster of Paris will do so, unless the 
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_ iron is covered by some waterproof paint, as the ordinary 
iron paints made from coal tar. d 
Mr. P. B. Wight, of Chicago, a consulting architect, 
_ has given much attention to the protéction of iron build- 
ing material, and has devised the combination iron and 
~ wood column shown in figure 34. 
The iron core of the column has a section resembling 
a Greek cross, with projections on the sides to secure the 
four wood sectors which are driven in from the upper 
end. The spaces between the wood over the edges of 
the iron core are filled with plaster, which is covered 
by a strip of sheet iron nailed into the edges of the 
wooden sectors. Iron columns are protected by refrac- 
tory materials which are also poor conductors of heat, such 
4s porous cements, the hydraulic lime of Teil, concrete, 
hollow blocks of fire clay, or by the Wight system 
_ of protecting iron works with tiles of porous terra cotta. 
These tiles are made porous by mixing sawdust with the 
clay; the process of burning the clay consumes the saw- 
dust, leaving little air cells in the space occupied by the 
_ particles of sawdust, whose volume amounts to half that 
of the whole tile. 

Figure 35 shows the method of securing the tiles 
around an ordinary cast-iron column, already in posi- 
tion. The ends of the tiles are grooved, and after a 
row of them is placed around the column, an iron band 
is placed in the groove, and projects sufficiently to en- 
gage in asimilar groove upon the bottom of the next 
row of tiles; before the tiles are pressed together, a 
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layer of mortar is used to fill the grooves and make a 
tight joint. ‘The outside is covered with plaster of Paris 
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FIG. 35.—PROTECTED IRON COLUMN. 


“hard finish” or some of the special cements used for 
such purposes. 
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Figure 36 shows the Wight Column, where the tiles 
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FIG. 36.—WIGHT’S STANDARD FIRE-PROOF COLUMN. 


are secured by slipping over plates screwed to the radi- 
cal flanges. 
In a Phoenix column, the plates have two bent prongs 
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which hook over the rivet heads. All these columns 


there is any liability that they will be damaged by 
trucks. This porous terra cotta is used to protect iron 


for steps, or under-pinning. Its use for caps and sills is 
extremely unsafe, because granite will not resist fire 


than stone of any kind. Where ornamentation is desit- 
able, attention is called to terra cotta as essentially the 
same as brick, in withstanding injury by fire. Lately 
bricks have been made in forms and colors especially 
designed for decorative purposes. 


ROOF COVERINGS. 


No portion of a building gives so much trouble as the” 
roof; exposed to storms and the extremes of climate 
above, to warm and often damp air below; it is sub- 
jected to more severe tests in these particulars, than 
any other building material. 

So much of the quality of a roofing material depends 
upon the skill used in laying it, that the only means by : 
which a satisfactory roof can be assured, is to deal only 
with responsible parties in its application. x 

For the best construction of flat roofs in the Northern” 
States, the roof plank should not be less than three” 
inches thick ; in the Southern States, it may be two and 
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ahalf inches thick. The plank. should be grooved and 
splined, and covered with tin, gravel, or duck. If a 
pitched or mansard roof is adopted—which is generally 
unadvisable—the plank should be not less than two inches 
thick, and covered outside with shingles laid over three- 
quarters of an inch of mortar, unless slate is used on 
account of close proximity of other buildings, or some 
other adequate reason. If slates are to be used they 
should also be laid over mortar, as they are subject to 
almost instant destruction, when exposed to a moderate 
degree of heat, and sparks can often pass between the 
cracks. As shingles are poor conductors of heat, the 
attic of such a mill is more comfortable and can be 
warmed more cheaply in winter, than where slates are 
used, especially on a roof of thin boards. 

For tinned roofs, the nails in the roof-plank should be 
i countersunk, and stopped with putty. Use the best ‘‘ M. 
F." tin, and paint the sheets on the under side with two 
coats of red lead, well dried before the sheets are laid. 
If acid is used in soldering, the tin roof should be 
washed before it is painted. ; 

Asphalt roofing is made by laying roofing felt satu- 
rated with a compound of asphalt, in three layers, each 
layer reaching two-thirds the width of the strip over the 
hext one, and the edges are cemented with asphalt. 
Over this felt, a coat of melted asphalt is laid and cov- 
ered with small pebbles or coarse gravel. 

Asphalt or solid bitumen’ is a natural pitch found in 
Various parts of the globe; the kind generally. used for 
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roofing is obtained from a remarkable deposit in the 
Island of Trinidad, called the “ Great Pitch Lake.” 
Coal tar composition roofs are made in a variety of 
ways. The manufacturer of one of the standard brands” 
uses: first, a layer of manila paper; then three thick-— 
nesses of roofing felt, overlapping each other two-thirds _ 
the width of the felt; these are covered by a coat of — 
roofing composition ; then, two more layers of felt; upon 
these another coat of melted composition is laid, and 
small pebbles or coarse gravel imbedded in the compo 
sition. - oe 
There are two varieties of roofing composition made 
from coal tar. The first—called, “ straight run "—is the” 
residuum left after the more volatile products have been | 
distilled from the coal tar; the second, is known a 
“cut back,” and differs from the first, in that the pro- 
cess of removing the volatile portion is carried to a fur 
ther extent of expelling the oils, and the anthracine is 
removed. This variety is apt to become brittle, and 
liable to crack after long continued heat or exposure. 1 
The asbestos roofing consists, first, of a layer of manila 
paper, which is covered by a water-proof coal tar paint, 
then canvas, which is covered by another coat of water 
proof paint, over which is a sheet of roofing felt, which | 
is covered by acoat of asbestos roof coating paint. The 
whole roofing material is about one-tenth of an inch in 
thickness, ; 
Cotton duck has long been used for covering parts ot 
vessels, and to some extent on railway cars, but its us 
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“on mill roofs is new, and thus far appears to be suc- 
_ cessful. 

_ Twelve-ounce duck, weighing sixteen ounces to the 
_ square yard, is stretched thoroughly, and tacked with 
_ Seventeen-ounce tinned carpet tacks, lapping the edges 
_ about one inch. 

If the roof-plank are rough or warped, a layer of 
heavy roofing paper ought to be laid, before the duck is 
put down. Wet the duck thoroughly after it is laid, and 
then paint with white lead and boiled linseed oil before 
it becomes dry; this makes it water-proof; then two 
more coats of white lead, and over this a coat of “iron- 
_ clad” paint as a protection against fire. : 

_ One builder has laid cotton duck roof-covering in 
this manner: asphalt paper was first placed on the roof- 
plank and rosin sized paper laid over this, and the whole 
fastened by tacks; this protects the cotton duck from 
__ injury by the condensation of moisture against its under 
_ side. The duck is secured by galvanized iron tacks, 
and around the edges, screws with washers are used. 
The duck roofing is then covered with a hot application 
(Of pine far thinned with linseed oil, which penciane 
the cloth and tends to prevent decay and mildew. Fire- 
Proof ‘paint is afterwards used. 


‘i 
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LOADS ON FLOORS. 


In designing a mill floor, the first consideration 
i be given to the weight which it will be called upon 
4 support; secondly, to the other forces acting upon 
the amount of flexure allowable under the fixed cond 
tions; and then the methods of resisting these forces 
E compatible with mechanical construction, convenience 
* and safety. 
oe The following table gives the floor areas, storage, 
q capacity; weights of merchandise, per cubic foot and per 
* square foot. The measurements were always taken a) 

the outside of case or package, and gross weights of 
ite such packages are given. 
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Floor | Cubic 
Wool. space. feet. 
Bale East India, . 3.0 12. 340 
“* Australia . 5.8 26. 385 
7-0 M- 1000 143 
6.9 | 33- 482 jo 
7-5 33. 55° 73 
5.0 | 30. 200 4o 
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| 
: 3 * Marxxrar. | Measvrewmnts, | Wrrcirs. | 
= se | 
Floor | Cubic Gross. Per 
Cotton, ete. | space. | fect. | sq. ft. | cubic ft. } 
Bale . SE Cero Pr cue tic| (be! 44.2 515 64 12 
Comp: essed ves 00, of! scape 21.6 550 | 134 25 
1.25 3-13 125 100 40 
: " 2.4 9-9 300 125 oA 
oe 2.6 10. 450 172 
ac 3-2 a 280 88 26 
of 8.7 34-7 joo Sr 20 
re 5-3 | 17.0 400 75 24 


Cotton Goods. 

Bale Unbleached Jeans. . 
Piece Duck . 

Bale Brown Sheetings. 
Case Bleached Sheetings. .. 
Case Quilts ...... an 

Bale Print Cloth 


+ Dh Ch HO 


» eboShowen 


tOpeuEene 
Bn On wae o 


Hags in Bales. 
White Linen... 
White Cotton 


Super-Calendered 
Newspaper. 
Straw Board. 
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Oats in Bags. .... 
Bale of Hay. 
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Maruxtat. 
s Floor 
Pa 
ler.) 11.5 39.2 i 
g Soda s +| 10.8 29.2 & 5 
3-0 9.0 43 
aed ae 45 
1. f 
43 6.8 4 
3-0 10.5 23 
3.0 10.5 33 
1.06 8 jo 
3-6 4-5 sous 
3-8 5-5 59 
3-8 5-5 73 
3-7 6.1 ir 
3-0 9-0 
a3) ] 12.5 | 34 
en sees 42 
| 
2.7 0.5 1 278 
9-9 39.6 1600 4o 
13-4 42.5 600 4 
7-3 12.2 190 1 
11.2 16.7 300 13 
6.0 30.0 400 13 
6.0 30.0 joo 23 
12.6 8.9 200 16 
ber ex chai 7 
30 7-5 317 42 
3-0 75 340 45 


As a basis for general application of principles, let us 
‘take the case of a cotton-mill of 32,000 spindles, sping 
ning number 24 yarn; such a mill being five stories 
height, and floor measurement being 72 by 320. 
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 slashers is used to pile loaded yarn beams upon, the 
weight at this point is relatively much more than the 
figures show, being fifty pounds to the square foot. 
_ But the slashers do not contain a large assemblage of 
pPily revolving parts, and are merely a dead weight 
on the floor. 


COMPUTATION FOR A COTTON MILL OF 32,000 SPINDLES. 
No, 24 Yarn. 


The openers and pickers are omitted, as such ma- 
chinery is placed in a separate building, usually con- 
_ Structed with beams of shorter span. 


VIBRATION AND OSCILLATION OF MILLS. 


Ifthe machinery were to lie idle, the building would 
become a store-house containing machinery of such a 
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force in the whole train of mechanism. 

In the practical construction of machinery the revoly 
ing parts are never absolutely balanced, and but little 
attempt is made to balance the reciprocating parts; a 
when one considers the immense weight of the unb 
anced masses bie! mill et and their velocity i 


pulses of all these irregularities acted in unison. } 
Before citing any examples of this trembling of mills , 
—giving some of the numerous instances within my 
personal observation, or attempting any analysis of 
subject,—I wish to make a distinction of terms; using, 
to express two, different classes of motions, words 
which are defined and used as synonymous with ea 
other. 
Then, with the difference between vibration and 0 
cillation understood, we will consider some exampl 
their consequences, and the nature of the remedy. 
motion of a shaking mass is either oscillation or vibra 
tion; the first being caused by external forces, and 
second the consequence of forces, one of which is t 
cohesive force within the body, binding its molecul 
together, and dependent for its character upon the elas- 
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ticity of the substance. To illustrate: If a suspended 
wire is struck, the forces of the blow and of gravity cause 
it to oscillate; if the same wire is strained between 
two points, the forces of the blow and of elasticity cause 
it to vibrate. 

The rapidity of this vibration is subject to well 
‘known laws, dependent upon the magnitude, elasticity, 
and tension of the body, and every mass will vibrate at 
acertain velocity, whenever that vibration is produced 
by adequate causes and conditions. Not only every 
pianoforte wire and organ pipe, but every bridge and 
factory has its key-note. As the vibrations of the com- 
municating air will force the piano or organ to answer 
in harmonious response to the tone of the voice, so the 
structure will reply to the proper vibratory force. The 
sound will be inaudible, because the perception of the 
tone is beyond the limits of the human ear. 

In one of the print works at North Adams, a new 
building not yet completed, was vibrating evidently in 
synchronism with a small puffing engine, with a four by 
six inch cylinder, which was running the folders in the 
steaming-room, about sixty feet away, and in no man- 
ner connected with the new building. 

In a manufacturing establishment at Syracuse, there 
are a number of wrought iron discs in sets of four upon 
aframe. The discs on one of these sets are eighteen 
inches in diameter, and revolve two thousand times per 
minute. The speed of this set fluctuates in unison with 
the stroke of an engine in a neighboring building, 
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of these wheels. The puffs of steam from the exhaust 
pipe of this engine, probably furnish the synchronous 
impulse, which is in harmony with the belt driving this 
set of discs. % 
The shaking of the mill is chiefly limited to the vibra 
tion of the elastic floors and beams, while the swaying 
of the whole building is caused by oscillation. Both of 
these motions may appear in the same building, but 
cillation is due to weak construction, while vibration is 
produced by impulses synchronous with the key-note of 
the building, and bears little relation to that stability of 
construction, which is equal to supporting the loads~ 
placed upon it. 
In a certain district of New England, many factories 


poorly constructed _ buildings. Shabbiness prevails. 
everywhere,—the walls are too light, the beams | 
small, and the floor planks too thin, in comparison with: 


the mills built by our best engineers as standards. 
several instances the weight of the machinery has de-_ 
flected the floor beams, to the dangerous limit of three 
inches, and in other cases additional columns have been — 
used to keep the floors level. The oscillation of these 
mills is excessive, but I do not recall an instance of x= 
treme vibration in any of them. 

The remedies for oscillating mills consist in recon-_ 
structing the weaker portions, or furnishing the missing: 


VIBRATION AND OSCILLATION OF MILLS. 125 


elements of strength by some addition supplying the 
lack of stability. 

At a mill in Eastern Massachusetts, several trusses 
have been placed across the mill, above each other, in 
the upper three stories. In a mill in New Jersey, the 
same difficulty was removed by a series of horizontal 
Pratt trusses under the floors, the floor beams forming 
the two chords, the struts reaching from beam to beam, 
and the whole completed by the use of proper tie rods. 

Sometimes the roof plank and the top flooring of a 
mill are fastened on diagonally, thus making the two 
floors like a horizontal lattice girder. The diagonal top 
floor is inconvenient to repair, and in some instances a 
thinner floor has been placed above it. 

The vibration of a mill floor resembles that of a metal 
plate, and the analogy is clearly seen by comparing the 
characteristics of a metal plate, vibrating under con- 
ditions which are simple and easily controlled, with the 
results of such vibration in mills. 

If a metal plate is supported at the center, and a vio- 
lin bow be drawn across the edge, the plate will not 
vibrate as a whole, but in divisions, which are readily 
distinguished if sand has been dusted over the plate, 
the vibrating portions will jar the sand to the nodes or 
dividing lines which are at rest. If the plate is a square 
one and the bow drawn at the corner, while free vibra- 
tion is damped by resting the finger on one side midway 
between the two corners, the sand will gather in two 
lines, dividing the plate into four equal squares; if the 
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bow is drawn at the middle of one side and the fing 
placed at one of the corners, the ridges of sand will di- 
vide the plate into two diagonals extending from corner 
to corner, and by varying the positions of the damping 
points and the bow, the nodal divisions resolve themselves 
into complex and curious curves and lines. A vibrating 
mill floor is under similar conditions, except that the con- 
tact of numerous columns and surrounding walls, as far 
as they restrain free vibration, complicate the details of 
these vibrating divisions beyond the power of analysis, 
except to show that the floor is divided into numerous 
and independent divisions. 

Although these areas of vibration are modified by the 
columns and walls, yet they are not coincident with any 
divisions ,of the floor, "because excessive vibration has 
been observed near such places, while the portions away 
from such support were at rest ; but the reverse is gen: 
erally the case, and most perfect repose is usually near 
the points of greatest stability—where one would nat- 
urally expect to find it. 

The roofs of mills are more generally in vibration than’ 
any other portion of the building. The motions of 
pipes or of the hanging lamps show the character and 
extent of such vibrations, although on account of their 
rigidity the gas pipes do not exhibit the divisions as sen 
sitively as hanging lamps. : 

Miscellaneous collections of patterns or small casting 
piled against each other over a floor, indicate by the 
creaking the points of greatest vibration. 
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Piles of paper shavings in paper mills show, by their 
trembling, the character of the vibration of the building. 

Sprinkler pipes are generally in a tremor, because any 
disturbance is transmitted along the whole line of pipe. 
Sometimes sprinkler pipes are so sensitive to vibration 
that they will ring in harmony with the tones of the 
voice in ordinary conversation. 

When the attic floor is suspended from the roof by 
rods, it will often be found that some of these rods are 
vibrating rapidly while others are at rest. 

In the attic of a mill at Holyoke, where the floor was 
hung to the roof, there were a number of piles of card- 
board, from three to six feet in height. Some of these 
piles were shaking and others were still, according to 
the action of that portion of the floor upon which they 
rested. At one side of a tie rod from the roof the pile 
was swinging ; on the other side it was stationary. 

On pushing against the piles, those which were at 
rest did not appear to be any more stable than the oth- 
ers. When large iron tanks of water in the attics rest 
directly upon the floor, the ripples on their surface show 
the character of the motions of the floor. 

One of the most delicate indications was in the un- 
Occupied attic of a mill at Exeter, N. H., where the 
agent had judiciously placed upon the floor numerous 
fire pails filled with water. The surfaces moved in 
unison with the vibration of the floor, generally sway- 
ing, some traversed by successive lines of waves whose 


direction varied in different pails. Others, evidently over 
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its position was over a center of greatest vibration, wh 
the other showed by its wave-like motion that its loca- 


with such action. 
In ihe rag building of one of che me paper mil! 


In each group of six pails, hung side by side, there i 
generally a difference in the wave motion of the water i 


the whole building also. There is no machinery in this 
building, but in an ell are cutters, dusters, and a lz 
exhaust blower, whose suction pipe extends into th 


rag-sorting room, above the room containing the bins 
for purposes of ventilation. It is probable that the 
vibration of this air pipe shakes the whole building. } 

It is well known that some notes on a church organ 
will cause only certain portions of that church to vibra 
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At certain heights of water, the vibration of the sheet 
of water flowing over a mill dam is synchronous with 
the key-note of certain buildings in the vicinity. If the 
rate of vibration of the dam can be altered, the buildings 
come to a rest. ' 

At Centredale, R. I., the water flowing over the dam 
caused at times a great vibration in the mill. This has 
been stopped by fastening vertical pieces of plank at in- 
tervals of ten feet against the front of the dam and pro- 
jecting upwards, so as to break the long sheet of water 
into numerous short falls, whose key-note was different 
from that of the whole sheet of water which they dis- 
placed. 

At the Amesbury Mills of the Hamilton Woollen 
Company, mill No. 8 is sometimes thrown into vibrations 
by the water flowing over the dam, and when this hap- 
pens the watchman on duty alters the note of the dam 
by opening the waste gate, and the mill soon comes to 
fest. Mill No. 5 of the same company, but ata privilege 
lower down the stream, is often thrown into vibration by 
the falling water at that point; and the story is told that 
@ watchman once fled from that mill in the night, think- 
ing that it was about to fall. 

Of the eleven mills owned by this corporation, I have 
been told that none of the others vibrate from the above 
cause. When in operation, mill No. 6 was often thrown 
into vibration by the motion of the machinery. 

The superintendent of a New Hampshire mill when in 


the factory on Sunday was greatly surprised at the 
9 


to beats ? 
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shaking of the building. He observed that the water 
was flowing in broken sheets over the dam, and pre- 
sumed that the pulsations of air were synchronow 
with the key-note of the mill. Continuing his observa 
tions, he learned that with a greater or a smaller flov 
of water over the dam the mill was at rest, and also 
with the scuttle in the roof open, so that the puffs 
outside air were in free communication with the interior 
of the mill, the vibration was much greater than when 
the scuttle was closed. j 

One of the mills in West Warren, Mass., was shaking 
violently during an evening after the machinery ad 
stopped. The water flowing over the dam was un 
doubtedly the cause. Some of the windows were shak- 
ing and others were still, as if there were points of great 
est vibration either of the walls or the air within th 
building corresponding to the nodes in an organ-pipé 
At Mittineague, Mass., the Southworth Paper Company 
is vibrated when the water is about a foot upon the dam. 
The cotton mill of the Agawam Canal Company, neaf 
by, is vibrated at a different height of water. hel 
the writer was there, he noticed that the windows of the 
office building jarred at intervals of fourteen seconds. I 
it possible that such a slow succession of impulses is due 


In making some experiments with a spinning-fram 
in the winter of 1879 I met with some very curiow 
vibrations. 

A board five feet long was fastened at each end 


‘ 
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“the side of the frame, parallel to the rails and about five. 

inches from them. At times this board would vibrate 

and then come to a rest every thirty seconds. A num- . 

_ ber of persons saw it, and many hypotheses were offered, 
but none of them satisfactorily accounted for the two 
rates of impulses which caused this result. 

Spinning frames indicate the vibration more sensi- 
tively than any other class of textile machinery. In the 
same spinning-room where the frames are of the same 

“manufacture and supposed to be operating under identi- 
‘eal conditions, some of them will shake violently, while 

others beside them run as steadily as could be desired. 

When vibrations are due to machinery, they are 

“stopped by changing the speed. Two years ago, I was 

’ in a mill in Haydenville, Mass., and noted the vibration, 
which exceeded anything that I ever saw, judging from 

’ the motion of the hanging lamps. Recently I visited 
the mill again and was surprised at its steadiness. In 
the interval, the property had changed owners, and the 

‘new proprietors had increased the speed about ten per 
cent. I was informed that there had been no alteration ” 

_ in the main mill or its equipment, which would assist in 

bringing about any change of vibration. 

At the Merrimac Mills, Lowell, and many other 
places, this method of stopping vibration by changing 
speed has been successful. 

The synchronous vibration of a mill can be observed 
in many instances where the machinery soon after 

- ‘Starting shakes the mill, before reaching full speed, and 
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the building becomes steady again after the velocity of 
the machinery exceeds a certain limit. : 

In all cases, vibrations are noticed when some ade. 
quate cause is sounding the key-note. If the velocity 
of these pulsations is altered the vibrations due to that 
identical cause will cease. 

There is a practical difficulty in the way of reduetil 
vibration by changing the speed of a portion of the ma 
chinery in a mill. There would be an objection to dimin: 
ishing the speed on account of reduced production ; and 
if the speed of a portion of the machinery could be suc 
cessfully increased, the promise of enlarged production 
would cause an attempt to increase the speed of all the 
machinery. The most practicable method in many in- 
stances is to change the key-note of the building by 
some alterations of the conditions of vibration. ; 

Were not a lot of columns, placed almost at random, 
out of the question in a mill, we could make the state 
ment that vibration could be diminished and nea 
stopped by placing columns under the principal cent 
* of vibrations, and so divide the floor into still smaller 
areas of vibration. 

A similar result has been obtained by placing brace: 
near the tops of the columns, extending out to the ceilin 

The only sure method of prevention applicable to the 
future seems to be in the construction of one story mill 
with the shafting resting upon piers in the basement. The 
result in the additional speed, without any disturbance 0 
stability and of the diminution of the repairs under the 
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same excessive conditions in mills constructed upon the 
one story plan will hasten their introduction. In such a 
mill, if vibration should take place, it could be stopped 
by additional columns in the low basement without inter- 
fering with the machinery. 

The consequences of mill vibration, in the power ab- 
sorbed by its exertion, in the continual straining of ma- 
chinery and mill must inevitably tend to damaging re- 
sults to plant and product. 

Mr. Edward Atkinson has devised a system of mill 
construction, in which the motive of the design proceeds 
strictly from the interior, making the commercial and 
mechanical purposes of the factory subordinate to all 
other considerations. 

The whole weight of the floors is sustained by the 
columns; the walls are heavily buttressed to resist os- 
cillation, but otherwise serve merely as a protection to 
the interior. The columns near the ends of the beams 
relieve the walls from supporting the floor, and are 
rigidly connected to the beams by wood knees. The 
floor aisles around the sides of the room are made of 
plank, laid diagonally, so as to stiffen the building 
laterally. 

The method of wall construction permits the introduc- 
tion of a large area of windows. 

The power required to vibrate a mill, bending the 
floors, walls, and machinery to and fro, is generally 
underestimated. One of the leading manufacturers of 
Spinning machinery stated to the writer, as the result of 
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vibrated than in one which was steady. 
The operation of a power printing press in Holyo 


the basement to support the press independent of 
floors. There was a very slight deflection under 
floor, showing that it was strong enough to sustain 
weight upon it. 


tion. In an alpaca weaving mill, one story high, 
looms are running twelve and a half per cent. faster 
would be possible in a high mill. ; 

One of our New England corporations built a on€ 
story mill, and put into it one thousand gingham loom 
which were removed from a three story mill in the sami 
yard. The result of three years’ experience has sho 
that it is perfectly feasible to run these looms twelve pet 
cent. faster than was possible in the old mill, and 
speed of certain varieties of looms has been incre 
twenty-one per cent. The greater steadiness and u 
formity of motion has decreased the number of bro 
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ness of motion has reduced the amount of repairs about 
ten per cent. As it was necessary to readjust all the 
looms to the increased speed, which was a part of the 
repair account, the relative cost which renewals bore to 
readjustments could be only a matter of estimation. 

A one story mill lighted from above by monitors or 
by Rendle skylights, is much better lighted than is 
possible in any mill lighted by windows. In the case 
ofthis one story mill, the annual cost of lighting the 
looms by gas through the meter from the public gas- 
works was less than lighting the same machinery 
in the old mill, by an annual saving equal to six 
per cent. on the cost of the one story mill. That is, 
if the new mill had been built with money borrowed at 
six per cent., the saving in cost of lighting would equal 
the interest on the loan. 

However great may be the advantages from low con- 
Struction, it is feasible only on cheap and level land, and, 
therefore, can rarely be applied to the extension of 
mills. built near streams or in cities. 

When there is no basement under the first floor, 
care must be taken to provide sufficient ventilation to 
prevent decay of the timbers. In addition to open- 
ings through the wall, it is advisable to arrange that 
the blowers draw their supply of air from under the 
floor. 

In a dry location, floors near the ground can be pre- 
served from decay by packing blast furnace slag under 
the timbers and between them close to the floor-plank. 
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The best support for heavy machinery, as coi 
pickers, wood and iron planers, and all machinery wh 


at distances from each other convenient to bolt the mi 
chinery directly into.the timbers. The space betwee 
the timbers to be filled with small stones well rammed 
and covered with asphalt concrete, finished smooth to 
the level of the tops of these timbers. It must be 
painted to keep the asphalt from being softened by. 
from the machinery. The asphalt preserves the w 
from decay, is a poor conductor of heat, is agreeable to 
stand upon, and is waterproof. ; 
Cement should never be used in the place of asphal 
tum concrete, as the timber will decay very quickly. 
in all damp places, it is desirable to use timber tre 
with some of the antiseptic processes. Some asp) 
floors are composed of nine parts Neuchatel (Val de 
Travers) asphalt, one part Trinidad asphalt, and a small 
amount of clean sand; others have used wholly 


a half thick, on earth with rubble foundation, is eig 
to twenty-two cents per square foot. 
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_ Woon is both the best and the most practicable ma- 
_ terial for the construction of floors for industrial pur- 
poses. Floors made of brick arches sprung between I 
beams are so heavy and expensive as to be rarely feas- 
‘ible. In some mills so constructed, with iron beams 
resting upon iron columns, it has been necessary to raise 
_ the beams and place wood under their supports at the 
walls and over the columns. When the Boston and 
Lowell Railway was built, the rails were laid upon stone 
ties, which were so rigid that the rolling stock battered 
itself at every bearing and joint; and the cause of this 
- difficulty ceased when the stone ties were replaced by 
those of wood. 
Southern pine is a very desirable wood for beams, as 
_ it possesses the essential qualities of strength, elasticity, 
~ Straight grain, and less tendency to curl and warp than 
~ any other wood in our market; while its abundance, in 
certain sections, and, massive growth render it the most 
_ practicable kind of lumber to obtain in the large dimen- 
Sions necessary for mill work. 
_ For under-plank of floors, spruce is a good lumber, 
a being abundant, cheap, light, and quite strong; but it 
Should be thoroughly seasoned before used, because in 


drying it warps and shrinks considerably. 7 
3 
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the kind of wear which comes upon the floor. 
The strength of wood is a very indefinite quanti 


cation of the stress; in different pieces of the sam 
kinds of wood there is also a certain diversity, due to the 
differences of structure caused by varying conditions of 
growth and quality. 

The proper unit of strength which shou/d be used in de 
signing structures which merely support weight is not the 
breaking strength of the material, but the elastic limit 
which will sustain that load without injurious flexu 
The detrimental effect of continual strain in causing a fa- 
tigue of the fibres of wood is conclusively shown by the 


experiments of Professor R. H. Thurston * and those of 
Sir William Fairbairn, where beams loaded with various 


portions of their instantaneous breaking weight, event 
ually broke. A load less than the elastic limit would 
be sustained indefinitely. In the lack of information 
giving the elastic limit of wood, it is necessary to 

with the breaking strength, or modulus of rupture, a 
factor of safety large enough to allow for the excess f 
this unit of strength beyond the elastic limit, in 


Cast and Wrought Iron to Building Purposes. William Faii 
London, 1854. 
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_ built, of sound material, I consider six [6] the minimum 
- factor of safety for dead loads, and for live loads in all 
.. cases a double factor should be used. 

_ The formule which apply to the construction of floors 
are deduced in the following manner: Let - 


& represent the depth of beam in inches. 
“breadth of beam in inches, 

deflection in inches. 

span in feet. 

width of load in feet. 

load per square foot of floor, including its own 
weight in pounds. 

load upon square foot of floor, not including weight 
of floor, in pounds. 

weight of floor in pounds, per square foot. 

concentrated load in pounds. 

modulus of rupture in pounds. 

modulus of elasticity in pounds. 

factor of safety in units. 


In a beam supported at both ends, and sustaining a 
uniformly distributed load, of w pounds to the square 
foot, width s, and length 4 extending the whole length 
_ of the beam, the maximum bending moment is at the 
center of the span: 


N= 30 inch pounds. 


* 


This bending moment is resisted by the strength of 
the beam expressed in terms of the moment of resist- 
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M,= = inch pounds.* 


If the beam supports the load, 

gwsl  Rbh® 
< 

; 2 6 

Rohe 

gst? 
Introducing the factor of safety, these formula giv - 
the following for beams : 


we 


(1) Weight in pounds per square foot of floor, 


Rbje 
gzwfs 


(2) Span in feet, a 


* The PP ialus of rupture is the utmost strain which the fibres 
the substance will bear, either tension at the bottom or comp’ 
at the top, whichever is the least, in a beam subjected to trans’ 
strain. This coefficient is obtained by experiments upon the weight 
required at the center of a beam supported at both ends to break 
beam. In these measurements upon beams of long span, the weight 
of the beam should be taken into account. 


Rone sul 
6 9 


If the beam is one foot long and one inch square, 
R= i8W+ ow. 
Tf the weight of the beam is neglected, 
R= 18W. 
Some works give this value of I as a basis of breaking strength. 
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(3) Height of beam in inches, £ =4/' oe 


In the case of floors bearing a uniformly distributed 
fixed load, these formule for the floor plank reduce to 
(4) Weight in pounds per square foot of floor, 


) Span betv nters in feet, /==4/ 442 
(5) Span between ce ber 


~ (6) Thickness of floor in inches, my / OE : 


These formule would only apply in those mill floors 
whose dimensions were based upon the safe load, or in 
Structures where the total load was always stationary, 
_ or in storehouses where the load is in bulk, as in grain 
storehouses, where the moving of the contents is so grad- 
ual as to be unaccompanied by any sudden shock. For 
storehouse floors loaded with goods in bale, case, or 
package, this formula will not apply, because it does 
Not, as is generally assumed, meet the conditions of the 
Case, and a slightly different treatment of the problem 
_ is necessary. The maximum load on the beams of a 
"storehouse may, without error on the side of danger, be 
_ considered an evenly distributed, fixed load, because the 
additional strains due to moving the contents are not 
e only a very small proportion of the whole weight sus- 
tained by each pos but, from ik nature of things, 
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sustained by that beam cannot be wholly covered, and 
therefore carries less than its maximum load. The 
planks in a storehouse floor are acted upon by two 
forces: first, its own weight, which is an evenly distrib- 
uted, fixed load ; and secondly, the weight of the con- 
tents, which is a concentrated, live load, whenever the 
cases or bales are moved about in the customary manner 
on two-wheeled trucks. 

The maximum ‘bending moment of a concentrated 
load being twice that of an equal uniformly distributed 
load, and the straining effect of a live load being twice 
that ofa dead load, whenever the contents of a store-house 
are moved, the floor planks are subjected to strains four 
times as great as when the same load is at rest, therefo: 
this condition of maximum strains will only be considered. 

Bending moment due to weight of floor, 


Mt, = inch pounds. 


Bending moment due to load on floor, 7',=3W1 
inch pounds. 
Introducing a factor of safety / for the fixed load, and 
the double factor 2/ for the live load, and writing W in 

terms of the area of the 
3% ha 


floor, these formulz reduce to 14,= inch pounds. 


M',=6w fl* 


* w' represents only the superincumbent load upon the floor, and 
does not include the proportionate part of the weight of the floor, like 
w in the other formulz, where the weight of the floor is not treated 
separately from the load upon it. 
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G 


_ The moment of resistance of the floor for a section 
twelve inches in breadth. 
Robie 


MM, = aoe 2h. 


The sum of the safe bending moments equals the mo- 
ment of resistance. 
- 2 

6w' fl? + a = 2RP. 


i: (7) Load in pounds per square foot of floor, 


_ 4Rip — 3uft* 
"Taf 
(8) Span between centers of beams in feet, 
j= ~ 4Ri 
TY 3faw' tn) 


(9) Thickness of floor in inches, Ae, af’ tu) ae 


The following table gives the dimensions of a store- 
house floor built of spruce plank laid upon southern 
pine beams cight feet between centers. The breadth of 
the beams is half their height in this instance. 
__ This proportion limits the intensity of pressure against 
the beams at the columns and points of support to with- 
in the crushing resistance of the wood. : 
_ The modulus of rupture of spruce is taken as 10,080 
pounds, and of southern pine, 12,960 pounds, for sound 
lumber. 
_ Substituting these values in equation (1) for the beams, 
y= RoE 

fst 


43 
a, 


Bx et 
te 


_ eight feet between centers. Weight of spruce per cubic 
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(10) Weight in pounds per square foot of floor, 


(11) Span in feet, 7=4/ 2— 
w 


(12) Height of beam in inches, 4 a 


For the floor plank substituting these values in equa- 
tions, (7) 
_ 4RM — 3uft 
12fl* 
(13) Load in pounds per square foot of floor, 
1 354" 

ar 

(14) Span between centers of beams in feet, 


fre (25 2240/? 
4u't+u 


(15) Thickness of floor in inches, 4 = 


4qw' tu 


Table of dimensions for a storehouse floor for goods 
in bales, packages, or cases. ; 
This table does not apply for the support of mach n 
ery, as the deflection would be more than is advisable 
for most machinery. aa 
Built of spruce plank laid upon southern pine bea ms 


foot, 30 pounds; of southern pine, 48 pounds. Timber 
completely sheltered from the weather. om 


Several sizes of beams are given, so that a selection 
_ of those which will apply most conyeniently to any 
. _ Specific case may be made. The height of stories should 

be built with the distance in the clear so low that it will 
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be impossible to place a dangerous load of goods u 
the floor. Especial care should be taken to select the 
greatest load which the floor will ever be required to 
sustain in any emergency. 

As many storehouses are still constructed according 
to the objectionable custom of laying the floor upon 
joists laid transversely upon the beams, the formula for 
the joists are in this form. Lets in this case represent 
the distance in feet between centers of joists. 


fae = 6u'sft* aer : 


(16) Load in pounds per square foot of floor on ea ch 
joist, 
a Role — gusfl 


36sft* 
odes. / Rble 
(17) Span of joist in feet, 7=4 / ——-—_—_. 
ae : gsf4w' + u) 
(18) Height of joist in inches, 2 = EEE ; 
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The limit of stability required for floors sustain 
machinery in operation is not merely the strength ade 
quate to support the load with safety, but a certain de 
gree of stiffness is necessary, so that the deflection of 
the floor will not be detrimental to the machinery or it 
product. The limits of deflection here given are not 
greatest that ever take place, nor is any slight excess ‘ 
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deflection beyond these limits followed by sudden im- 
pairment or destruction of building or machinery; but 
these coefficients are based upon a careful observation 
of mills built by leading engineers as standards, and are 
presumed to represent the best practice of mill engineer- 
ing construction of to-day. 

The driving shafting being hung from the beams. 
which extend transversely across the mill, its alignment 
_ is not materially affected by their deflection, because the 

load on the floor is permanent and bends the beams 
quite uniformly, depressing the whole line of shafting, 
and the error of the alignment due to this cause and 
_ the shrinking of the timber can be annulled by adjust- 
ing the boxes in the hangers to their new position. 

The first limit for the deflection of such beams is the 
elastic limit of the wood. 

Experience has shown that such floor beams, about 
twenty-four feet long, when deflected one-four-hundredth 
of their span, are within the elastic limit, and there is no 
appreciable increase of deflection. 

In the matter of supporting machinery, the most im- 
portant element is to determine the maximum limit of 
the depression of the floor. Machinery is frequently 
subjected to excessive flexure “from this cause, and the 
result of such distortion upon the wear of machinery, 
= excessive consumption of power, and detriment to pro- 

duction, are well established facts. 
Machinery should be carefully levelled after placed in 
Position ; but this adjustment does not warrant an un- 


eS yp ee es) 
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usual deflection of the floor, because the impact of vibra- 
tion is a live load whose elements are somewhat uncer- 
tain, but they should be considered equal to the weight 
of the mechanism; and, being independent of gravity, 
their components are as frequently upward as down- 
ward, and the floor plank should be equally rigid agains ; 
forces in either direction. 

Although high, narrow beams, within the limits of 
crushing at the supports or crippling sideways, are the 
most economical distribution of material, the need of 
lateral rigidity to withstand the horizontal components 
of vibration confines the ratio of the breadth to the 
depth of a beam ina mill to a greater proportion than” 
is advisable in a storehouse. In a mill several stories 
in height, the floor beams must be broader than in a- 
one story mill, where the absence of lateral vibration 
permits the use of a beam with better proportions to 
resist bending, and therefore a more economical distri- 
bution of lumber to secure an equivalent rigidity to the 
floor. 4 

Tredgold, in 1822, gave one-twelve-hundredth of the 
span as the limit of deflection for cast-iron shafting, and 
other writers since then have applied this factor as the 
limit for all shafting. I have never seen any statement 
of the allowable distortion of a whole machine. The 
limit of such deflection varies with the class of mechanism. 
In cotton machinery, a deflection of the floor plank amount 
ing to one-twelve-hundredth of the distance between 
beams agrees with the precedents of good construction. — 
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: This deflection of the floor represents a still smaller 
_ distortion of the machines upon it; and in the absence 
_ of any precise data respecting this limit, the desired 
— result can be reached by taking a floor deflection 
_ which is approved by experience as representing a cer- 
4 tain multiple of the flexure of the machinery upon that 
floor. / 
The floor should be rigid within this limit in both 
_ directions. As the most convenient distance between 
centers of beams in mills is eight feet, the limit of de- 
flection of the plank is about one-thirteenth of an inch ; 
and the deflection of the beams, from each chord of 
eight feet along their length, should be the same. — 
This subject will be considered in further detail, with 
numerical examples, after the equations of the elastic 
curve have been given. 
_ Within such limits that the stress is proportional to 
the strain, the deflection* of such a beam is found by the 
calculus to be 


aa 
Ree 
In a uniformly loaded beam / inches long, Jf = = (le — 7) 


dx 2ET 


Beam is horizontal at center where « = — £ and tangent to angle of 
depression 


y = 0 for x = 9, therefore C = 0, 


= Se -# +9) 


; j 
~ and substituting the value of / in 


feet, instead of inches, we obtain the eit 


— B64zusl" see (= — 2F 2 +3). 
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_ From this equation of the flexure of the beam sup- 
‘ported at both ends, the maximum deflection of the 
beam at center of span is obtained by substituting 


z= te 
2 ; 
F : ( /Edbhe 
(19) The spant of beam in feet, 7= acer: 


a ete _ 270wst 
(20) The deflection in inches, d = ~The 
(21) Weight per square foot of floor in pounds, 


_ Bowed 
~ 2708/4” 


*The modulus of elasticity is most conveniently measured by 
observations upon a beam supported at both ends, and loaded at the 
43270 

: bed * 

For heavy loads on narrow beams, care should be taken to measure 
any sinking of the whole beam caused by slight crushing at the points 
f support. The deflection due to the weight of the beam is a con- 
‘stant quantity, which should be deducted from measurements of total ‘ 
deflection ; that is, the deflection of the center of the beam by its 
wn weight, before any loads are applied, should be taken as the start- 
_-Ing-point. 

__f If a table of logarithms is not at hand, the fourth root of a quan- 
tity cain be obtained by extracting the square root twice. 

Thus to find V 331,776; the square root of 331,776 = 576, and 
the square root of 576 = 24. $ 

__ In the tables of “ Squares, Cubes, and Roots,” usually contained in 


Mechanical hand-books, the columns of square roots contain the 
aad root of the number in the column of squares upon the same 


cehter, = 
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(22) Height of beam in inches, # = {/ ey j 


If the floor plank are only long enough to reach from 
center to center of beam, s = 1 foot and 4 = 12 inche: 
and the formulz reduce to 


F Fier 45wlt 
(23) The deflection of plank in inches, ¢ = sep 
(24) The weight per square foot of floor in pounds, _ 
2Edle 


454° 3 
(25) The thickness of plank in inches, 4 =/ oa 4 


This form of construction is not advised, because the 
floor is much more rigid, and the material is placed te 
better advantage, when the floor plank are twice as long 
as the distance between centers of beams, and the me 
chanics of the plank are those of a uniformly loaded, 
rectangular beam, supported at one end and fixed at the 
_ other. Its deflection* is represented by 


* The formula for deflection is obtained by substituting in 
dy MM 


to angle of depression moe 


6ZT ET + Ger 


a 


y= sh f (ee - ME oes See 


y = 0 for x = 0, therefore C = 0 ; 
alsoy = oforx = 1. 


yr ged 


dx” El. 


Boe U 
substituting x = art 


a 1o8wst 


Eble * 


The maximum deflection* is not at the center, but 


C - (3 - ) = - 
El\, 16 Ciuc 4SRZ: 

dy _ _ 3usix* wos? asl 

dx 16ZT * 6ET ” 48kT 

gy 

dx 


wsl' a" x 
ger (- 9 + +7) 


9= ers (- 5 te +e 


— wel (_ 3? axt =) 
9= Fa PAB PaaaT) to 


y = 0 for « = 0, therefore C = a. 


Substituting the values 7 = ad and expressing / in feet, we obtain 


the equation 
= sgeuel (22 a a =) 
EINE REN fe thie 
* The maximum value of @ is obtained by making 
Ne yeas 
ae = ° = gear 8 — oe" +2) 
t= 1: v3v = 42157 


_ lrawsl* 
= Ee 
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0.421 5 of the distance from the supported to the fixed 
cd, 
112wsl? , 


d (maximum) = 77 a 


To apply this to the load per square foot of floor, 
substitute twelve inches for 4, and s the breadth of the 
load, equal one foot. 


Mts 28wh. 
(26) The deflection in inches, d = 3EB 
27) Weight per square foot of floor in pounds, 
(27) Weight per sq po 


_ 32dh 

7 a28he 

(28) Thickness of floor plank in inches, 4 = t oe 
_ The supports at the fixed ends of the door plank, under 
these conditions sustains five-eighths of the load, and 
that at the supported ends three-eighths. 

If the plank of a mill floor were placed in uniform 
tows across the building three-fifths of the load would 
come upon every alternate beam; by alternating the 
joints between the ends of the floor plank every few 
feet, each beam sustains an equal load. 


LIMIT OF DEFLECTION, 


a The limits of deflection for beams have been stated as 
‘One-four-hundredth of the span of a beam twenty-five 
feet long, or three-quarters of an inch; and for the eight 


ee el 
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the ratio of the deflection to span is different in 
instances, the average sharpness of the curvatu 
alike in each case. The relation of the deflection to t 
span is not a direct ratio, but the true limit of 
flexure of a floor is the curvature of plank and bean 
expressed in terms of the radius of such a circle. 

The curvature must first be less than the amoun 
bending which experience has shown to be within 


tion which is a measure of the distortion allowable fo 
the machinery upon it. : 
These limits are empirical and matters of opin 
based on experience. The writer is well aware that 
there are buildings where these limits are exceeded; 
they do not fall, and the machinery continues in opel 
tion; but this does not antagonize the fact that machin 
ery requires less motive power and repairs, as well 2 
furnishing a product better in all the elements of p 
cision, when it is placed upon a substantial floor. 
For beams supported at each end, and uniforn 
loaded, the curve may be considered an arc of a circl 
and its radius * expressed by the equation, 


eae este 
Radius in feet, R = oy Dt 


a 
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And in the second instance, 


3H Sex OnKEO 
= 2 aS See 
Ree 2x ws 
The limit of deflection with this radius of curvature of 
1250 feet is found to be 


= 1248 feet. 


cee -oor2l. 


(29) Deflection in inches, d= ah a eaeee 


Substituting this value of d in (19), (21), and (22), we 
obtain for beams 


chord (versed sine) in inches, the relation of the several dimensions 
: expressed by this proportion, 


‘pees 

144 | 4p) ope 
R: 2 144° 4 #12 
36h +d? Sal ee 
a 24d reir 


ciable in comparison with the result, and no error will ensue from its 
Omission, and writing, as above, 


Bia: 
= od 
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; ms 
Th fb = ae 
(30) The span of beam in feet, / 325/000 


(31) Weight per square foot of floor in pounds, 


Ebb 
225,000.s/"" 


(32) Height of beam in inches, 4 = 


Substituting this value for deflection in equations (27) 
and (28), we obtain for floor plank two bays in length, 
(33) Weight per square foot of floor in pounds, 


Els 


int A 


(34) Thickness of floor plank in inches, 


3 
= 4/ R778wt 
ea ff™ 


The following table, computed from formula (31), 
gives the distributed loads for every inch in width per 
foot of span for Southern pine beams varying from 
one to thirty feet span, and one to eighteen inches in 
height. 7 
The table can be used in the various problems for 
mill-floor construction, and these two examples are 
given to illustrate the methods of its application. 

What is the advisable load per square foot upon @ 
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floor with 12 by 14 Southern pine beams laid 10 feet 
between centers with 24 feet span? 

In table find that a beam 14 inches deep with 24 feet 
‘span will sustain 42.37 pounds per foot of span for every 
inch in width of beam. 

For the whole beam 12 inches wide, the load is 
‘12x42. 37 = 508-44 pounds per foot of span; as the bays 
are 1o feet, this corresponds to a load of 508.44 = 10 
= 50.84 pounds per foot of floor. 

The weight of such a floor constructed in the best 
manner would be: 


Beams (see table) cores awtae z wieleleiow .5-60 pounds. 


14 “ Southern pine flooring.......... 500 
meee Mortar... «1c, « senieemneee Bei Aas Chg 
4 “ Spruce plank.......... .+.+++ 10.00 


Weight of floor per square foot... . 26-85 « 


Net load upon floor 50.84 — 26-85, equals (say) 24 
pounds per square foot. 

Required span of floor beams. 

g Load 30 pounds pervequar foot, assume weight of 


pounds; which is 456 + 12= 38 pounds per inch in 
width. In table under column 14, the nearest number 
38 is 39.08, which corresponds to a span of 25 feet. 
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TABLE OF DISTRIBUTED LOADS UPON SOUTHERN PINE BEAMS ONE INCH IN WIDTH, WITH LIMIT OF DEFLECTION, 
Weicur or Beam ix Pounps rer Foor or Span. 
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CONSTRUCTION OF FLOORS. 
Textile machinery is generally adapted to the floor 
“space, which is furnished by placing the beams and col- 
umns eight feet between centers, and the beams with 
twenty-four or twenty-five feet span. When the mules 
are placed across the mill, and in some classes of hosiery 
and woolen mills a slightly greater distance between 
beams is an advantage. The mill with floor beams 
twenty-five feet long and eight feet between centers is 
here taken as the standard; and this division of clear 
floor space is equally convenient to nearly every class 
of industry. 
_ The top floor should e hard wood, and both floor 
plank at least two inches in thickness, to furnish suitable 
“material to bolt the machinery securely in place. 
There are two methods of constructing floors to fulfil 
_ the conditions, which have been stated with such detail 
_in the preceding pages. 
E. With the beams extending across the mill, the older 
arrangement consists in placing three by twelve inch 
joists about twenty inches between centers, with the 
ends resting upon the beams; over these floors is a 
lower floor of inch spruce, covered by a top floor of inch 
and a quarter hard wood ; these joists are ceiled under- 
‘neath with tongued and grooved pine sheathing. 

The later system of flooring consists in placing across 
the beams three-inch spruce plank, planed on the under 
side, with grooves in both edges, which are filled with 
splines of hard wood; the plank are rabbeted on the 
¥ 


yi 


“grooves which are formed by each pair of rabbets, all 
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under side and moldings (beads) nailed into the 
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FIG. 37-—-ANCHORAGE OF BEAM TO WALL, 
beads, so that the shrinking of the plank is not seen, 


nor will such contraction split the beads, as would be 
the case if they were nailed alternately to each side. 


FIG. 38.—SECTION OF MILL FLOOR. 


This under floor is covered by a top floor of hard 
wood one and a quarter inches thick. 
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A floor should be rendered water-tight by three- 
fourths of an inch of mortar between the upper and 
~ lower floors. The layer of mortar preserves the lumber 
from decay, prevents the floor from becoming soaked 
with oil, and is so slow burning that it is more nearly 
_ fire-proof than any other practicable method of con- 
struction. 

The mortar can be floated to a uniform thickness by 


FIG. 39.—CAP SUPPORTING BEAM. 


_ Narrow strips (furs), fastened about eighteen inches 
“apart upon the under plank. The doorways should be 
- furnished with suitable thresholds, and all belt-holes in 
the floor provided with iron belt-guards, which reach 
through the mortise, as well as extending above the 
Surface of the floor. 

The beams should rest on cast-iron caps at the col- 
_umns, each vertical line of columns provided with iron 


F 
: 
‘ 
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pintles, connecting the cap of one with the base-plate of 
the others, so that the ends of the beams will not be 
crushed by the accumulated weight sustained by the; 
columns above. The ends of the pintles and the iron” 
plates against which they rest should be turned true, so 
that the contact would be uniform. 

Floor beams should not be bolted through the walls; q 


FIG, 40.—SECTION THROUGH FLOOR AND COLUMN. 


it adds but little to the stability of the structure, and 
there is great liability in case of fire that the falling 
beams will overturn the walls. The beam is securely 
bound to the walls, without this ulterior fire hazard, by 
embedding in the masonry a flat cast-iron plate with a — 


transverse fin upon each side near the end, one to” 
secure the plate in the wall, and the other in a groove 
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across the under side of the beam, firmly secured by 
wedges driven in at each side of the fin. The bricks in 
_ the wall for about five courses above the beam should 
_ be laid dry, and the upper edge of the beam at the end 
slightly rounded. The air space which is desirable each 
__ side of the beams in the wall may be provided for by fast- 


FIG. 41.—PINTLE. 


ening wet boards beside the beams, when they are in posi- 
_ tion, and the masonry can be laid against these boards. 

~ By the time the mortar is dry, these boards will have 
shrunk so that they can be easily removed. When such 
_ abeam is in position it is securely held to the wall; if 
_ broken by fire, the bending at the center will lift the 
extreme end sufficiently to clear the iron ridge, per- 
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mitting the beam to slide from the plate without injury 
to the wall. 

Of these two methods of mill floor construction 
solid one is more preferable in the following respects: 

Cost.—The hollow floor requires the same amount o} 
Southern pine, the same number of feet of spruce, L 
cut to different dimensions, and in addition, pine sheath- 
ing amounting to seven-eighths the area of the floor. 
The hollow floor being ten inches thicker than the so 
floor, it requires ten inches more wall to each story, a 
a similar increase in stairways, all pipe connections, 
belting from one story to another. The additional qu: 
tity of masonry required in a building with the sto 


beams and of the floor plank. The weights of each part 
of these two classes of floors are— 


Fioor ror Bays or 8 Ferr. 


beams. 
Sout pine beam, 12 by 14 inches.. 
Total weight of floor........06 secseseeees 
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_ Althoughthe quantity of lumber is nearly identical in 
each instance, yet in the case of the hollow floor the 
"floor boards, mortar, and sheathing are dead loads, 
‘amounting to 15-68 pounds to the square foot of floor, 
and being laid. across the joists, they do not assist the 
_ joists in supporting the whole load; while in the solid 
floor the mortar, weighing 6.25 pounds to the square 
foot, is the only element which does not assist in sus- 
taining the load, although the stiffness of the upper 
floor i is so slight that it is omitted from the eonipate 
_ tions. 
From the table of weights of cotton machinery, oper- 
atives, and stock in process, the heaviest load in the 
‘main mill is at the drawing frames, where the load upon 
the floor is 31.50 pounds to the square foot. With this 
data, including the weight of floor, the total load upon 
the beams amounts to 57.10 pounds per square foot of 
floor; and 52.21 pounds for the floor plank; and then 
for such mill work 60 pounds may be taken as the rep- 
“resentative load for the beams, and 53 pounds for the 
floor plank of the solid floor, or the joists in the hollow 
floor. 
_ The proportions* of such a floor may be found by ap- 
Plying for the beams (31). 


_ *The deflection of such a beam at various points in the span can 
be found by applying the equation on page 149 : 


864zs/" 2x +] 
<= “Se Lie 7 focagtas 
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_ __£bh* __ 2,000,000. x 12 x 14 x14 x 14 
~ 225,000.s# 225,000. x 8x 25x25 
= 58.54 pounds, 

For the thickness of the spruce floor plank, two bay 


-in length, apply (34) : 


oe | ET 778.we" _ af BS. 778. x53x8x8_ 48 inches 
1,200,000 


for thickness icf plank, and the nearest commercial size 
is the 3-inch plank used for this purpose.* 
If the floor plank were saly one bay in length, being 


would be found from (25), but the value of d = oor2/* 
= .0768 inches will be used. 


DISTANCE FROM DeFLection DEFLECTION IN CHORD 
Suprort. AT GIVEN Pornts. or 8 Feer. 


Inches. Inches. 
+0000 
08852 cvccveccesesecs 059 


sSdog a igas 
10 6 Sa coilesgegO) “© Ua hiaey 
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ee Py 45wl -/ 750. 50.0007 _ =4/ 18,750 x 53 x 8x8 
q 2kd E 1,200,000 


= 3°76 inches, the nearest size being 4 inches, and 
shows a saving of twenty-five per cent. by using 3-inch 
plank two bays long, instead of 4-inch plank one bay 
long. 

___ The corresponding deflection in a hotiog floor built in 
_ the conventional fashion is found by applying (20): 


d 27owsl 270 x 53 x 1x 8 x8x8x8 
= “Ebh? ~ 1,200,000. x 3 x 12 x 12 x 12 


= .016 inches, or one-six-thousandth of the span,—a 
rigidity which is unnecessary, out of proportion to the 
beams, and involving a waste of material. 

q For the proper height of such a floor joist, apply (32): 


7s / sore 3 /225,000. x 53x 19x 8x 8 
Por 1,200,000 x 3 


_ = 7.07 inches, or about sixty per cent. of the lumber 
_ generally used for such joists. 

_ Another advantage of solid floors is in the conven- - 
_ tence with which belt-holes can be cut in any place be-. 
tween beams, while a hollow floor is frequently weak- 
~ ened by joists cut away at belt-holes. 

___ A hollow floor merely resting on beams is much more 

: “Susceptible to vibration than a solid floor with the plank 
spiked securely upon the beams. 

__ The concealed spaces between the joists are a lurking- 


way in such concealed places. If there is no ceiling 
underneath, the projecting corners of the joists serve as 
kindlings to extend fires which start in the room below. 

Notwithstanding its defects, the hollow floor is th 
mill floor in general use outside of a relatively s 
limit of territory. 

The writer has endeavored to show that a solid floor 
is the preferable one for industrial purposes in every 


4 == depth of beam in inches. 

6 = breadth of beam in inches. 

d = deflection in inches. 

7 = span in feet. 

s = width of load of beam in feet. 

' w = load per square foot of floor in pounds. 

w* = load upon square foot of floor in pounds. 
2% = weight of floor per square foot in pounds. 
W = concentrated load in pounds. ‘ 
R = modulus of rupture in pounds. 

£ = modulus of elasticity in pounds. 

J = factor of safety in units. 
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In storehouse floors; / = 6 for fixed loads. 2/ = 12 
for live loads. 

In a rectangular beam loaded at center, and sup- 
ported at each end: 


18 W1 +. gwh 
RS See 


~ Values of 2 used in this book for sound lumber: 


Southern Pine. ‘Spruce. 
R = 12,960. © 10,080. 


Strength of beams : 

Rbie /Rbi* 4 gw/st 
@) w= ofl? (2)/=4/ oeufs" (3)4= Rb” 
Strength of floor plank—load in bulk, as grain, etc.: 
5 _ 4RE = 6 b= /3 
Gwv= . (5)%= 30" (6) 4k 


_ Strength of floor plank—load in case or bale : 


7 ho. — 3% [ 4Rk 
) v= eee. (8) l= Flaw + uy 
(oy a= 4 LEE. 


* See table on page 145- 


STRENGTH OF FLOORS. 
Strength of floor joists > 


_ Rbh'— gusft (17) = ROR 
36st * of (aw wy 


(16) w' = 


(18) 4 = 4/ SEs. 
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In mill floors; the limit advised for d = .oo12/’. 
spans of 25 feet, d = .75 inch; for spans of 8 feet, d = 
077 inch. 5 

In a rectangular beam peed at the center, and sup- 
ported at each end : a 


Values of £ used in this book for sound lumber! 
Southern Pine. Spruce. 


E = 2,000,000. 1,200,000. 


Stiffness of beams: : 
Edbhe | 270wst 
(19) Z= i ee . (20)d= oR (21)w= 


(22)h=4) aes 
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Introducing the limit of d, as given above, these be- 


; _ , / eae Eth 
(30) f= aayeceer (31) = 335,000 sh" 


*/ 225,000 wsl' 
(32) h= j/ aes: 


Stiffness of floor plank—one bay in length. 
(A form of construction not advised.) « 


5wl 2Edle 


‘ 4 : »/ 45k 5 
(23) ¢ = "Fp (24) v= Gen CDA=V Deg 


Stiffness of floor nae aa in length. 
se 28h 
(26) d= . (27) v= pL (28) 4 = Vs; 


i troducing the limit of d, as given above, these be- 
come : 


ER s paieak 
(33) = 7 ogr (34) 4 = {/ = a 


STRENGTH OF WOOD MILL COLUMNS. - 


In designing the columns of a mill, precedent has 
been the only guide to the engineer. The law govern 


and there have been very few investigations upon the 
subject. : 
Wood has been found to ie superior to iron for 
columns, because defects are revealed by slight inspec- 
tion, its reasonable cost, and resistance to fire. 
The earliest investigations upon the strength of col- 
umns were made by Euler, and published at — 
1757- 
His formula was deduced on the assumption that the 
‘column would be subjected only to those forces which it 
“could safely bear; the strains always being within the 
elastic limit. 4 
His general formula for the safe load upon a column 
with both ends free, but guided in the direction of the 
load, s 

wz ET 

Pat. 

P = resistance of column in pounds. 


x = 31416. 
174 
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& 
It 


modulus of elasticity to crushing, in pounds. 
J = moment of inertia of cross section of a column: 


for a square column, 7 = Se: for a round column, 7 = 
os : 12 


ad. and for a hollow round column, 7 eel! -a) 
64 64 
$ = side of square column, in inches. 2 


x 
ll 


diameter of round column, in inches. 
¢ = length of column, in inches. 


Substituting these values we obtain : 
.8225F st 
P 
For hollow round columns, ? = Aas 


For square columns, P = 


In 1840, Eaton Hodgkinson read before the Royal 
Society of London a paper upon “Experimental Re- 
Searches on the Strength of Pillars of Cast-Iron, and 
other Materials.” 

He modified Euler's formula so as to express the 
breaking strength of wood columns, by substituting a 


iE we 
coefficient @ for the factors = and ta for square and 


round columns respectively, and the equation becomes, 


P= ee = breaking strength of column. 
The reasoning upon which Euler's formula is based 
refers to the flexure; and this empirical alteration and 
application to breaking loads, by Hodgkinson, was il- 


ogical and unwarrantable. 


ae ee ee ee Pb 
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crushing seventeen specimens of Dantzic oak; the 
sults of only seven of them were used. Four’ of the col 
umns were 5 feet 4 inch long, and 13 inches square; 
the other three were 3 feet 10 inches long, and 14 inch 
square, a 
The mean crushing weight upon the first set of col- 
umns was 9,625 pounds, and upon the second, 7,888 
pounds, The value of the céefficient @ in the formula 
would be 26,085 in the first instance, and 22,999 in the 
second, p 
These experiments are generally used as the basis of 
estimates for the strength of wood columns, notwith- 
standing that the small size and unusual shape of 
sticks present no comparisons of value in furnishing 1 
formation applicable to the columns used in structures. 
Mr. Lewis Gordon deduced a formula for the streng 


bending forces, and those of direct compression, 


panels i 


1+C5. 


P = breaking weight in pounds. 
= area of cross section in square inches. 


an empirical co-efficient. 
length in inches. 
= radius of gyration. 


A 

Jf = compressive stress in pounds per square inch. 
Cc 

Z 

r 
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His constants were deduced from the results of Hodg- 
_kinson’s experiments; and neither those for iron nor 
wood agree with the results of later experiments upon 
large iron or wood columns. 
Prof. Wm. H. Burr, of Rensselaer Polytechnic Insti- 
“tute, after an exhaustive analysis of various tests of 
full-sized wrought-iron columns and bridge struts, has 
deduced modifications of Gordon's formula which give 
results agreeing very closely with the facts obtained by 
experiments.* 
_ Mr. C. Shailer Smith made extensive experiments 
upon the strength of Southern pine columns for the 
Ordnance Department of the Confederate Government 
during the winters of 1861 and 1862. 
There were 1,200 specimens broken, all by actual 
weight. The tests were grouped as follows : 
_ First: Green, half-seasoned wood, answering to the 
Specification “ good merchantable lumber.” 
Second : Selected sticks, reasonably straight, and air- 
_ seasoned over two years. : 
_ Third: Average sticks cut from lumber which had 
been in the open air over four years. 
From these experiments the following constants were 
obtained for substitution in Gordon's formula : 
. Group 1. f= 5,400. @ = .004. 
Group 2, / = 8,200 @ = .0033. 
Group 3. (= 5,000 @ = .004. 
* Reference is made to papers by Prof. Wm. H. Burr, in the ‘Trans- 
actions of American Society of Civil Engineers and Journal of the 


_ Franklin Institute for 1882, as containing valuable information upon 


_ the strength of wrought iron-columns. 
12 


r 


jo Ge aa Se 
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The results from the last group were used, and th 
formula modified to: : , 
_ Resistance to crushing of Southern pine columns I 


unds, P = go0od 
‘a I+ 004! 
A = area of cross section, in square inches. -— 


2 = length of column, in inches. 
& = least diameter, in inches. 

The detailed report of these tests was burned durin 
the evacuation of Richmond; and the original man 
script records are in Augusta, Georgia, and were ne 
printed. 


The only tests of full size wood mill columns of which 
the writer has any knowledge were made under thi 
charge of Prof. G. Lanza, for the Boston Manufactur 
Mutual Fire Insurance Company, when a number oj 
mill columns were crushed by the Emery testing ma 
chine, at the U. S. Arsenal, Watertown, Mass. ; 

The data given in the following table were taken 
from the original records, and the results computed by 
the writer. 

The columns were placed in a horizontal position 
between the flat ends of the plungers of the testin; 
machines. 

In some of the trials the columns were relieved from 
the flexure due to their own weight, by means of a 
counter-weight fastened to a rope which passed over a 
pulley, and was secured to the middle of the column. It 
was found that the weight of the column made no ap- 
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preciable difference in the results. The crushing load is 
given in pounds per square inch at the minimum cross 
section. 

The compression of the columns was very carefully 
obtained by fastening two pins into the columns, within 
a few inches from the ends, and measuring the distance 
between them with a micrometer which read to rstos of 
an inch. These readings were taken at every increment 

of 5,000 or 10,000 pounds in the load, and the load was 
frequently removed to ascertain if any permanent set 
took place.* 

The modulus of elasticity is taken at one-sixth of the 
crushing load; as it is not easy to determine the point at 
which the stress ceases to be proportional to the strain, 

the limit of a safe working load was chosen. In the 
case of the short blocks, the compression at one-third of 
the crushing load was used, because the amount of 
compression was so small at one-sixth of the ultimate 

resistance that it could not be measured with sufficient 

precision. 

_ The modulus of elasticity for crushing was computed 

__ by the formula :+ 


___* These notes were given in full in the Boston Journa: of Commerce 
Jan. 28th, and Feb. 4th, 1882. 

+The modulus of elasticity of crushing is the weight which bears 
the same relation to the load per square inch of cross section of the 
_ column that the length bears to the compression. 


-. 
#:gsliea 


Lp 
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Pl 
ac 
£ = Modulus of elasticity, in pounds. 

P = Total load, in pounds. 

a = Area of cross section, in square inches. 
¢ = Length, in inches. 

¢ = Compression, in inches. 


& = — pounds. 


The mean area of cross section of a column should be 
used in computing the modulus of elasticity. 
This average area may be readily obtained by dividing 
the solidity of the column by its height. Wood columns 
are frequently turned to a uniform taper, and their volume 
is merely that of a frustum of a cone, minus the cylinder” 
formed by the core bored through the axis of the column. 
Area of mean cross section of conical column: * 


A = .2618 (D+ Dd 4. d* — 3d") square inches. 
D = Diameter at base, in inches. 

d@ = Diameter at top, in inches. 

@ = Diameter of core, in inches. 

In the case of columns tapered in the usual manner 


* The volume of the frustum of a cone = 


ah( DP + Dd + a’) 
12 
The volume of a cylinder: 


hd? 
rr 4 
The volume of the pillar : 


Rr. } ry 
aMD + Da + = $4) _ 161840 + Dé + d*— 32%, 
Dividing the volume by the height, 4 gives the mean area. A = 
2618 (D' + Dd + d® — 3d’). 
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A = .3927 (D' + d — 2d"). 


* This is based upon the consideration that the curve is 
substantially a parabola; and therefore the column is the 
frustum of a paraboloid. Completing the paraboloid as 
shown by the dotted lines in Fig. 42, the elements of 
the curve is that any two semi-diameters are to each other 
as the square roots of their distance from the top. 
® Dd 
aia VEINS, 

Dh 
F-d 

The volume of a paraboloid equals to half the product 
of the area of its base multiplied by the height. 

Volume of the whole paraboloid : 


yp 2 te pee 
ee: 2 8(D—d*)* 
Volume of the portion above the columns : 
_ ad? H—-kh__ «d'h 
” a ee oO) 
Volume of the frustum : 


ya a THE + 2") 
= = “HE +2) : 


Volume of the core through the center of the column : 


we xd*h = and*h 


4 8 


the column,* 


and therefore 7 = 


Volume of the column: 


V aoa = MAH) _ OF = soa + a — 2d"): 


8 


area: ; 
A = .3927 (D' + @* — 2a’). 
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with a curving taper, the area of mean cross section of 


5 


a4 


»—) 


Fic. 42. 


Dividing the volume of the column by the height, 4 gives the mean 
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The results obtained by crushing fifty-seven columns, 
as given in these tables, do not furnish sufficient data for 
any but the most general conclusions; but it is clearly 
shown that, in wood columns of the dimensions in gen- 
eral use, the strength is proportional to the area of cross 
sections, and that for such columns the influence of flex 
ure is inappreciable. For the columns of the Southern 
pine in Table I.—omitting number 1101 as being imper- 
fect—the average crushing .loads per square inch were, 
for the round tapered columns, 4,473 pounds; for the 
cylindrical columns, 4,442 pounds; and for the short 
blocks, 4,492 pounds. It will be observed that these 
averages coincide more closely than the several experi-_ 
ments upon the same form of columns. 

The loss of strength of columns caused by the material _ 
wasted in turning square timber to cylindrical or tapered 
forms is shown in the case of a tapered column 10 inches — 
diameter at the base and g inches at the top. 

Allowing for a core of 156 inches, the column would be 
24 per cent. stronger if turned to a cylinder 10 inches 
diameter ; and 56 per cent. stronger if left square with 
the corners merely beveled an inch. 

The extreme reduction of strength-when the load was 
placed slightly eccentric, shows the importance of good 
construction at caps and base of columns; while the 
small transverse resistance to crushing of a Southern 
pine bolster (test 1491) indicates that it is unadvisable to 
use wood bolsters, or to rest the beams directly upon 
the pillars, as is frequently the case in storehouse con- 
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struction, instead of using iron caps and pintles. An 
examination of the results of the columns tested with 
the maple cap and oak base in Table Il. shows that there 
is a diminished resistance which was due to the variable 
distribution of the strain by the’ yielding of these caps 
and bases of wood. For mill construction the use of 
wood for connections to columns has been generally 
superseded by cast-iron. 

The timber used in the columns given in Tables I. and 
III. was sound and partially seasoned, being such as is 
usually delivered and considered satisfactory in construc- 
tion demanding first-class work. 

The resistance of the air-seasoned Southern pine col- 
umns in Table II, substantially agrees with the columns 
_ in Table I., but ‘the dock-seasoned columns gave about 
one-fourth greater resistance, when subjected to the 
same conditions of stress. A similar comparison between 
the thoroughly seasoned white oak posts in Table IV., 
and the partially seasoned white oak posts in Table IIL., 
indicate that in this instance the resistance of the sea- 
soned timber was about one-third greater. The old 
timber was quite brittle, yielding slightly, then suddenly 
breaking. 

From an examination of the premises it is estimated 
that the white oak posts which had been in use six and 
a half years had sustained a load of 629 pounds per | 
square inch of section; and those numbered 1920 to 
1937 which had been in use twenty-five years had 
been subjected to about 575 pounds per square inch, 
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while those of the same age numbered 1953 to 1956, 
supported about 600 pounds per square inch. 3 

On the basis of crushing between flat bearings, this” 
corresponds to a factor of safety of 8 in the present con= 
dition of the columns, and this factor of safety might 
have been as low as 5 or 6 when the mill was new and 
the columns partially seasoned. 

The differences between similar columns subjected to_ 
the same stresses are so great that it is out of the ques- 
tion to attempt too close an analysis of principles from 
the comparatively limited results upon this subject. 

It is of the utmost importance that the connections at — 
the ends of columns should fit perfectly, and placed so- 
that the pressure should bear evenly upon the column ; 
and it is unadvisable that the column should be subjected _ 
to any transverse strains, such as happens when hangers 
for shafting are fastened to the columns. 

The timber for wood columns should be of straight 
grain and free from knots. The core through the center, — 
for the purpose of preventing checking, should be bored 
in line by the boring lathes made for such purposes, 
and not by hand, as was done in the columns used in 
Tables I. and III. The boring through the columns in 
Tables II. and IV. was satisfactory. 

The results of these tests are in harmony with the 
practical experience which is used in the best mill prac- 
tice, although it has shown, to an unexpected degree, 
the errors of certain unskillful methods which are even 
now in use. It will be observed that the inappreciable 
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influence due to flexure of these columns in resistance to 
crushing is not in accordance with the assumptions made 
_ by writers upon the subject, who have framed hypotheses 
and formule upon the results of experiments upon very 
small specimens. 


THE END. 
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Asphalt roofing, 115. 

Atkinson, Edward, elevated hydrant sys- 
tem, 28. 

Atkinson, Edward, method of mill con- 
struction, 133. . 

Atkinson, Edward, use of phosphor- 
bronze beaters, 53. 

Atmosphere, vitiation by gas or oil lights, 


Automatic fire doors, 58. 

Automatic sprinklers, 40. _ 

Automatic sprinklers, efficiency, 44, 49- 

Peles ohenees 105. 

re-organization, 7. 

Beams, iirenginor 140. 

Beats in vibrating mills, 130. 

Beats in vibrating machinery, 131. 

Bending moments, 139. 

Bishop, J. W_, automatic sprinkler, 45. 

Blake steam fire pumps, 20. 

Blankets for fires, 68. 

Borden, ‘Thomas J., fire alarm without 
electricity, 8. 

Boston, fire, quantity of water used, 9. 

Broken electric light wires dangerous, 77- 

Brash electric are light, 82. 

Burr, Prof. W. H., on strength of iron 
columns, 177. 

Burritt Hardware Co., aytomatic sprink- 
Jers, 45. 


Candle power, standard, 79. 
Carburetters, 66. 
Cameron steam fire pumps, 20. 
Candle power of electric lights, 70. 
Caps of columns, 163. 
Casks of water, 12. 
Causes of mill fires, 50. 
Chapman compound gate, 34. 
Chapman hydrant, 25, 27. 
Chapman straight way valve, 32. 
Check valve to pumps, 16. 
City fire departments, 1. 
Clark & Heald Machine Co., rotary 
pump, 17. 

tar roofing, 116, 
Columns, iron protected, 110. 
Conducting wires, size of, 86, 
Cost of electric lighting, 89, 91. 
Construction of floors, 161. 
Construction of mills, 105. 
Conducting wires, 76. 
Corrugated fire doors, 56. 
Cost no measure of value of light, 89. 
Cotton duck roofing, 116. 
Cotton machinery, weight of, 121. 
Couplings, drip, ee 
Couplings, hose, should be uniform, 35. 
Covers over gate pits, 27. 
Cross connection between wires, 77. 
Current governors to dynamo machines, 


76. 
Cut-out in electric lighting circuit, 77. 


Daily use of steam pump, 22. 
Dams vibrating buildings, 129. 
Danger of lighting wires to electric in- 

struments, 
Davy, Sir Humphry, electric light, 68. 
Deane steam fire pumps, 20. 
Defective chimneys, 92- 
Deflection of beams, 151, 158. 
Deflection of beams, table, 160. 
Deflection of floor plank, 152, 155, 155. 
Deflection, limit of, 147. 
Delivery of hose, 36, t 
Discharge of automatic sprinklers, 44. 
Discharge of perforated sprinklers, 37. 
Drill ohhte organization, 6. 
Drip couplings, 28. 
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Drip valves, 26. 

Duplication essential in fire system, 10. 
Dust flues in picker building, 54. 

Dyed goods, care of to prevent heating, 


Edgon dynamo, 70. 

Edison incandescent electric light, 83. 
Edison iy catch, 84. 

Efficiency of automatic sprinkler, 44, 49- 


Elasticity, modulus of, 149, 151, 172. 

Elastic Init, 138. 

Electric fire alarm, 8. 

Electric lighting, 68, 

Electric lights, candle power, 79. 

Electric light system, operation of, 73. 
ric torch, 65, 

Elements of industrial design, 105. 

Elevated steam-heating pipes, 95. 

Euler's formula for columns, 174. 

Experiments upon automatic sprinklers, 


49. . + 
Experiments upon steam-heating pipes, 


Fou of safety, 139. 

Fact atatnali(aseeance, 102. 

Fales, Jenks & Sons, rotary pump, 16. 

Fall River, water used at mill fires, 9. 

Faraday, Professor Michael, induced elec- 
tric currents, 68, 

Fire alarm, electric, 8. 

Fire alarm without electricity, 8. 

Fire apparatus, value that of good man- 


pai 
Fire pails, methods of preservation, 11. 
Fire-proof buildings unfeasible, 3. 
Fire pumps, 12. 
Fires caused by broken flues, 100. 
Fires extinguished by pails of water, 11. 
First direct-acting steam pump, 20. 
First fire Ling ag a mill, 13. 

ipes, 36. 
Floor for heavy machinery, 136. 
Floor plank, stiffness of. 152. 
Floor plank, strength of, 141, 143. 
Flash test of oils, 67. 
Fly-wheel pumps, 17. 
Foot valve on suction pipe, 22. 
Frames of air lamps, insulation, 77. 
Francis, James B., system of sprinklers, 


37. 
Franklin, Benjamin, motto for fire ap- 
paratus, 10, 


INDEX. 


Freezing of hydrants, 24, 27. 
Freezing weather, rotary pump should 
he turned, 17. 
| Freneh law on fires, 2. 
Friction and spontaneous combustion of 
il: 


oi 

Friction gearing, 14. 

Friction in mule heads, 62. 

Fusible solder for automatic sprinklers, 
42. 

Gas pipes, shut off, 66, 

Gasaline vapor for lighting, 64. 

Gate pits, covers with long handles, 27. 

Gauges for water pressure, 23. 

Gauze-covered lamps, 66. 

Glass shades, absorption of lights, 79. 

Globes to arc lamps, 78. 

Gordon's formula for columns, 176. 

Granger, A. M., automatic sprinkler, 45. 

| Great losses by fire due to mismanage- 
ment, 4. 

Grinnell, Frederick, automatic sprinkler, 


46. 

Hammond, Dr. Mites A,, on vitiation of 
atmosphere by gaslights, 70. 

Hand ares 62. 

Hazard of electric lighting, 75. 

Hjorth, Soren, dynamo machine, 68, 

Hodgkinson’s formula for wood columns, 
175. 

Hodgkinson’s experiments on wood col- 

Holley rote 

, rotary pump, 17. 

Hollow floors, 166.” 

Holyoke Machine Company rotary pump, 
12, 16, 

Hose, 34. 

Hose, Ballvey r minute, 36. 

Howell, John W., experiments on dyna- 
mo, 70. 

Hydrants, 24. 

Hydrants, roof, 28. 

Importance of private fire organiza- 
tions, 4. 

Incandescent electric lights, 69, 75. 


Insulation of electric lighting system, 
76, 87. 
Insurance a tax, 1. 
Tron fire doors, 56. 
enkins pump valves, 21. 
enkins straight way valve, 32. 
oints in wires, 77. 
oisted floors, 146. 
june bug, incendiary fire caused by, 92 
nowles steam fire pumps, 20, ° 
Lamps, 66. 
Lantems a cause of fire, 100, 


Left-hand valves, 31. ; 
Light, absorption By glass shades, 79, 


“INDEX. 


Lighting apparatus, 64. 

Lights, position of, 64. 

Limit of deflection, 147, 155. 

Limits of mutual insurance, 103. 

Loads on floors, 118, 

Location of dynamo machines, 76. 
Lubrication of hydrants, 27. 

Lubrication of pumps, 16. 22. 
Management essential in fire apparatus, 4. 
Mathew’s hydrant, 25, 26. 

Maxim incandescent electric light, 54. 
construction, 105. 

Mill fires, causes, 50. 

Mill floors—summary of formulz, 172. 
Modulus of elasticity, 149, 151, 172 
Modulus of rupture, 140, (71. 

Moments, bending, 139. f 
Montreal, two systems of water supply, 9. 
Mops, use for mule fires, 62. 

Morse, Andrew J., monitor nozzle, 29. 
Mortar in floors, 163. 

Mortar under roofing, 155. 

Most fires preventable, 3. 

Netting around lamp globes, 78. 

Nodes in vibrating rites 130, 

Nozzles, spray, 29. 

Oils, fires due to, 60. 

Oils, quality essential to safety, 61. 

Oily sawdust,spontaneous combustion of, 


64. 
Oils, tests of, 60 
Oily waste, removal at night essential,63. 
One-story mills not liable to vibration, 

132. 
Operation of electric light system, 73. 
Oscillation different from vibration, 123. 
Pacific Mills’ fire doors, 57. 
Parmelee, H. S., automatic sprinkler, 44. 
Perforated sprinklers, 37. 
Pet-cocks on rotary pumps, 16. 
Phosphor-bronze beaters in pickers, 53. 
Picker fires, 53. 
Vintles, 164. 
Pixii, magneto-clectric machine, 68. 
Plunger pumps, 17. ‘ 
Position of lights, 64. 
Position of rotary pumps, 13. 
Position of steam fire pumps, 21. 
Power pumps. 17. ’ 
Power required for fire streams, 36, 
lreventable fires, 3. 
Prevention against fire, 3. 
Properties of electric light, 69, 72 
Proportions of steam fire pumps, 20. 
Protected iron columns, 110. 
Pump valves, Jenkins's, 21. 
Pump valves, rubber, 21, 
Ratio between gas and electric lights. 79. 
Rats and mice attack insulation, 77. 


We). 


Reduction of pressure by valves, 30. 

Refuse from mill, action upon rubber 
valves, 21. 

Regulation for the use of electric lighting 
apparatus, 75. 

Relief valves, 23. 

Rendle, A. W., skylights, 135. 

Responsibility of owners for fires, 2. 

Roof coverings, 114. 

Roof hydrants, 28. 

Rose sprinklers, 39. 

Rotary fire pumps, 12. 

Rotary pumps, method of driving, 14. 

Rubber pump valves, 21. 

Rupture, modulus of, 140. 173. 

Safe construction of mills, 106. 

Safety valves for water, 23. 

Sawdust spittoons, 64. 

Seasoning, effect of, on wood columns, 


189. 
Security lamps, 66. 
Self insurance, 101. 
Size of conducting wires, 86. 
Skylights for one-story mills, 135. 
Small hose, 30. 
Smith, C. Shailer, experiments on south- 
ern pine columns, 177. 
Smith, C. Shailer, formula for wood col- 
| umns, 178. * 
Solder used in automatic sprinklers, 42. 
Sparks and defective chimneys, 92. 
Spontaneous combustion of oils, 63. 
| Spontaneous combustion from dyeing, 


98. 
Sprinklers, 37. 
Stand pipes, 27. 
Steam engine, efficiency of, 70. 
Steam fire pumps, 17. 
Steam fire pumps, position, 21. 
Steam fire pumps, proportions, 20. 
Steam heating pipes, fires caused by, 94. 
Steam pump should be used daily, 22. 
Stiffness of beams, 151. 
Stiffness of floors, 1.46. 

' Stiffness of floor plank, 152. 

Storehouse floors, table of, 145. 
Stone sleepers on railways, 137- 
Storehouse floors, summary of formule, 


| 171. 
Storage, table of, 118. 
Strainer on suction pipe, 22. 
Strength of beams, 140. 
Strength of floors, 137- 

Strength of hose, 35- : 
Strength of mill columns proportional to 
area of minimum cross section, 158. 

Submerged pumps, 13- 
Suction pipe, 22. 
| Summary of formule, 171. 


Switches in electric lighting system, 76. 
Synchronous vibration, examples of, 123. 
System of fire organization, 5. 
‘Table of deflection of beams, 160, 

‘able of storehouse floors, 145. 
Tables of tests of mill columns, 182. 
Table of weights of cotton machinery, 

12t. 

Table of weights of storage, 118. 
Temperature, increased by gas lighting, 


Ten of full size wood mill columns, 178, 
182, 

Tests of insulation, daily, 76. 

Tinned roofs, 115. 

Tinned wood fire doors, 56. 

‘Tredgold on deflection, 148. 

‘Trusses used to prevent oscillation, 125. 

Uniform velocity of water desirable, 18. 

Unpreventable fires, 3. 

Value of light not measured by cost, 89. 

Valves, globe, 30. 

Valve in suction pipe, 14. 

Valves, left hand, 31. 

Valves straight way, 30, 32. 

Valves with advancing steam, 31. 

Ventilation essential under low floors, 


135+ 
Vibrating metal plates, 125. 
Vibration and oscillation of mills, 121. 
Vibration of roofs, 126, 
Vibration stopped by change of speed, 
131. 


INDEX. 


Waste boxes, 63. 

Watchmen instructed to operate pump, 7. 

Watchmen's clocks, 93. 

eens lanterns, 100. 
aler-pressure gauges, 23. 

Waterproof ihntatlon. 76. 

Water supply for fire, 9. 

Water at the Boston fire, 9. 

Water used in mill fires at Fall River, 9. 

Water wheels, efficiency of, 71. 

Weights of floors, 166.0 0 5 = 

Westland safety lamps, 66, — 

Weston electric are light, 83. 

Whiting, Francis W., automatic sprink- 


lers, 44. 

Whiting, William B., system of sprink- 
lers,. 37. 

Whiting, W. H. H., electric torch, 65. 

Wight, P. B., methods of protecting iron 
columns, 111. 

Wire circuit for electric lighting system, 


Wires in walls and partitions, 77. 
Wiswell, rotary pump, 17. 

Wood mill columns, 174. 

Wool waste for protection against freez- 


ing, 27. 

Worthington duplex steam fire pumps, 
20. 

Worthington, Henry R., inventor of 


direct steam pumps, 20. 
Y hydrants, 24. 


HOLYOKE MACHINE COMPANY, 


HOLYOKE, MASS, U.S. A. 
a A) Sa aS Lia 8 olf SI Pd ed 


No, 2 Pump. 

Our Rotary Fire-Pumps (one size of which is shown in the above engraving) 
are made from entirely new patterns, carefully designed to include such improve- 
ments as will secure accuracy in running and freedom from danger of breakage. 

THEY COMBINE THE FOLLOWING DESIRABLE FEATURES: 
1.—They have on both ends outside Cut Gears. 
2.—They have on both ends outside Bearings. 

3.—T hey-have inside Bearings of Composition. 

4.—They run with less Friction than any other Pump 
yet produced. 

5. They have Buckets of greater strength than any 
other like machine. 

6.—They are Heavy, Substantial, and of the Best 
Material and Workmanship. 


LIST OF DIMENSIONS. 


; Gallons per | Revolutions | Diameter of | Dia | Kore of 
Number. Revolution. | per Minute, | Suction Pipe Disch'ge Pipe. Coupling 
; at . 
I | 4 225 6 6 fie 4og 
2 275 | 6 5 2%». oD 
3 75 ae at 3 
3 2 joo | 5 4 | 238 } 


Couplings and Safety Valves are always included in price. 


HOLYOKE MACHINE COMPANY, 


HOLYOKE, MASS., U.S. A. 


Pivle TION GEARING, 


FOR DRIVING ROTARY FIRE-PUMPS. 


Plan of Friction Gearing and Rotary Fire-Pump. 


Insurance Companics and Mill owners have long felt the need of safe and 
reliable means for starting Rotary Fire-Pumps without stopping the wheel or 
slacking its speed. The method Showa in the above engraving accomplishes this 
result with absolute certainty. 

The following brief explanation will make the engraving understood ; 

The frame work, A, A, A, A, supports the Pump, B, and the bearing for the 
driving shaft, C, with its gear, in the usual manner; it also supports the plate, 
D, on which slides the plate, &, carrying with it the short pump-shaft and driven 
gear. The two gears are thrown into, or out of mesh by means of the hand- 
wheel and screw, D. In place of the hand-wheel, bevel gears may be used and a 
shaft carried to any convenient place for operating the screw, 


With this Apparatus the pump can be started 
without shock or jar, with the wheel running 
at fullspeed. All stripping of Gear or Buckets 
by too hasty Starting is absolutely impossible. 


This Apparatus is emphatically recommended by the best authorities, 

Prices depend on size of pump required to be driven, speed and size of 
“‘jack shaft,” etc. Dimensions, etc., may be forwarded with application for 
price, or, if desired, examinations will be made and estimates given. 


HOLYOKE MACHINE CO, 


HOLYOKE, MASS., U.S.A. 


tee 


SPECIALTIES : 
Boyden Turbine, 
Hercules Turbine, 
Common Elevators, 
Self-Closing Hatch Elevators, 
Holyoke vv" Power Pump, 
Holyoke Grate- Bars, 
Hydraulic Presses, 
Hydraulic Pumps, 
Bevel Gearing, 
Planed Gearing. 


Send for our Catalogue of Bevel Gears, which is the 


largest in this country. 


WE MAKE ALL OUR GEARS STRICTLY OF CHARCOAL IRON, 


“THE DEANE” 


Steam Pumps for every Service. 


SPECIAL PATTERN 
18 in. Sterm Cylinder, 8 in. Water 


MANUFACTURED BY 


THE DEANE STEAM PUMP CO., 
Holyoke, Mass., U.S.A. 


{WAREHOUSES $ 


92 & 94 Liberty St., 54 Oliver St., 226 & 228 Lake St., 
NEW YORK. BOSTON. CHICAGO. 


SEND FOR NEW ILLUSTRATED CATALOGUE: 


WORTHINGTON 


STEAM BUMPS 


FOR ALL PURPOSES. 


o —— 


Special patterns of Fire Pumps for the protec- 
tion of Factories, Mills, Warchouses, etc. 


* SEND FOR LATEST CIRCULAR. 


HENRY R. WORTHINGTON, 


239 BROADWAY, 
NEW YORK CITY. 


PROVIDENCE STEAM AND GAS PIPE COL 


PROVIDENGE, B.L, U.S.A, 


Contracters for all Work pertaining to 


STEAM HEATING, GAS LIGHTING 


—e ANDe— 


Fire Extinguishing Apparatus, 


IN MANUFACTORIES OR OTHER BUILDINGS. 


THE PARMELEE 
AUTOMATIC SPRINKLER AND FIRE ALARM, 


Manufactured and introduced by us for several years past, has 
worked successfully in thirty-one actual accidental fires. 


THE GRINNELL AUTOMATIC SPRINKLER, 


which we manufacture, and which is illustrated and described in 
this volume, is unquestionably superior to all others in the : 
essential features of sensitiveness to heat, and in the effective- 
ness and certainty of its distribution of the water. 


The System of Piping for the Grinnell Sprinkler is 
also more simple, and out of the way of shafting and belting. 


FREDERICK GRINNELL, J. C. HARTSHORN, 
President. Treasurers 


STILL AT THE HEAD! 


BURRIPT'S PAT. FARE EXTINGUISHER 


(AUTOMATIC,) 


OPERATES A 
4 } WONDERFUL 
45 SECONDS, INVENTION. 


‘A SILENT WATCHMAN. 


We hold the patents on the best apparatus now manufactured. 
OUR PRICES THE LOWEST! OUR WORK THE BEST! 


>t denier up SUCCESS. #< 


we ep gh oe send our engineers to visit any Mill or Warehouse where absolute fire 
prov 


We are alsa Proprietors of the “Hub” and “ Standard ” ertingser, 


The A. BURRITT HARDWARE COMPANY, 


WATERBURY, CONN., U.S.A. 
FACTORIES and PRINCIPAL OFFICE: Waterbury, Conn, NEW YORK: 28 Platt St. 
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JENKINS PATENT VALVES. 


GATE, GLOBE, ANGLE, CHECK & SAFETY, 


MANUFACTURED OF THE 


BEST STEAM METAL 


B A PERFESTLY TiGHT VALVE 
ATA mes 2 PRICE, 


NTABL 


: STEAM, cas, WATER OR OIL, 
HAVE NO GROUND JOINTS OR LEAD SEATS. 


Packs a Joint bet-@ 
ter than any Pack JENKINS structible Metal of 
ing made. : PATENT PALKING.~ itself. 


THE MosT DURABLE I “= STAN DARD WARRANTED 


DOES NOT ROT OR] )) PERFECT JOINT, AS 
BURN OUT. : ee REPRESENTED 


Also, Manufacturers of Rubber Valees for Hot and Cold Water, Rubber 
Goods for Mechanical Purposes, Hubber and Piston Packing. 


JENKINS BROS., (ronw'st. New York. 
R. D. WOOD ae CO:. 


PHILADELPHIA, PA., 


MANUFACTURERS OF 


CAST IRON PIPES 


FOR WATER AND GAS. 


ALSO, 


LAMP POSTS, 
MATHEWS (Anti-Freezing) FIRE HYDRANTS, 


EDDY (ADJUSTABLE) STOP VALVES, 
JOUVAL TURBINES, DUPLEX PATENT. 


Forms an Inde- 


PIPE LAYING AND WATER WORKS ERECTION 
CONTRACTED FOR. 


ASHCROFT MFG. CO. 


Successors to BE. H, ASHCROFT, 


cae 
ry 
tr 


oe 
5 


En- 
w York, 


P, O. Box 8784. 


ticular to 


Be 


fg. Co., 111 Liberty St., 


Don’t fail to examine 
Ne 


3 Rosen Oe an indicator. 


The Ashcroft 


AND MANUFACTURERS OF 
te the highest-speeded Engines built. 


MANUFACTURERS OF AND DEALEKS IN 
NERS 


Wi 


Steam and Vacuum Gauges. 


The Simplest, Lightest, Cheapest and Best Indicator ever 


produced. 
dorse 


The Ashcroft Mfg. Co. 


REDUCTION OF FIRE RISK. : 

The Richardson Patent Water Relief Valve. 
THE ONLY SOLID, NICKEL SEATED, NON-CORROSIVE 

RELIEF AND “POP” SAFETY VALVE MADE. 


CHAS. A. MOORE, Pres. and Gen'l Manager. H. S, MANNING, Ass’t Treas. 
MARTIN LUSCOMB, Treas, and Sec’y. GEO. W. RICHARDSON, Sup't. ] 


Send for PAICE Wfrvess THE CONSOLIDATED SAFETY VALVE Co., 


Factory, BOSTON. 111 Liberty St., New York (P.0. Box 3745). 


MorSE MONITOR NOZZLE, 


For Mill Yards, Stand Pipes, Roofs, Street 
Use, Fire Boats, Etc. 


A new invention, consisting of a Hose Pipe which can be 
adjusted to any desired position, EITHER VERTICAL Or HORIZONTAL, 
and which will REMAIN AS PLACED, even under the HEAVIEST 
PRESSURE. The water pressure being balanced, a change in the 
direction of the stream can be easily made, even when delivering a 
two-inch stream. The “MONITOR” is attached to a hydrant 
in mill yards, and other places where adjacent buildings are exposed 
to each other, and is invaluable in such places, as in case of fire a 
serviceable stream can be started (no hose to couple and straighten 
out) and left in full operation, while necessary attention is given to 
other exposed points. For mill us», the “MONITOR” is also of 
the greatest value on the Sranp Pipes at the VARIOUS STORIES, as 
well,as on the Roors, as it is always ready for service and a stream 
can be started without the aid of hose, and, being AnjusTABLE, any 
desired spot can be reached with the water. The “MONITOR” 
is in use on the Fire Boat in Boston Harbor, and has the approval 
of the Fire Commissioners, and Hon. Epwarp Arxtnsoy, President 
Boston Manvfacturers’ Mutual Fire Insurance Company. 


ANDREW J. MORSE & SON, 


140 Congress Street, Boston, 


The Morse Coupli.g, The Ne Plus Coupling, Hose Pipes, Hose Coup- 
lings, Nozzles and Fire Department Supplies. 


APPROVED BRANDS OF FIRE HOSE AT LOWEST PRICES. 


‘SAFETY MILL LAMP. 


A Fire Extinguisher Safed ean kerosene lamp. Especially 
adapted to Cotton and Woolen Mills. It is endorsed by all the 


Mutual Insurance Companies. Send for Circular. 
MANUFACTURED BY 


Westland Safety Lamp Co., 


PROVIDENCE, R. I. 
RIDLON & CORNISH, 31 Pearl St., Boston, Ag’ts for Mass. 


Oh gh AI es inal ll ea 


ROSS, TURNER & CO., 


189 to 196 Devonshire @ 62 to 66 Arch Streets, 


BOSTON. 


ee 
Threads, Twines, Cords, — 


Tapes and Webbing. 


—— rece 


we “RED LINE HOSE.”"2Sa2 


The highest grade of Linen Fire Hose, manufactured 
with special reference to srRENGTH and DURABILITY, 
from the best-selected Flax of the longest 


and strongest fibre. 


FTose prepared with Paraffine Wax. 


“CLINTON” FIRE-PROOF WIRE LATH 


MILLS, WAREHOUSES, STORES, RESIDENCES, PUB- 
LIC BUILDINGS, PICKER ROOMS, &c. 


It is positively FIRE PROOF, 
GAS AND FLAME PROOF, 

RAT AND RUST PROOF. 
— +05 
SPACE. It occupies less than 
4g 1m thickness, and yet 
it is stronger than 


any other known 
construction. 


“CLINTON” 
Wire Lath forms 
acontinuous and unbrok- 
en surface, thoroughly inter- 
woven, hich to plaster, differing 
from Tile, Brick, and all other work 
constructed in sections, which in seasoning is 
liable to form cracks, through which the hot gases 
may pass. 


wi 


For Fire-proof Roofs, For Fire-proof Beams, 

For Fire-proof Partitions, For Fire-proof Picker Rooms, 
For Fire-proof Walls, For Fire-praof Storehouses, 
For Fire-proof Ceilings, For Fire-proof Varnish Rooms, 
For Fire-proof Floors, For Rat-proof Buildings, 


White for information and Circular, 


Every description of Wire Cloth, Netting. Fencing, Window Guards, &e., 
in Iron, Brass, Oopper, Steel, Tin and Galvanized Wire. 


WIRE NETTING, FOR WOOL, GLUE, AND OTHER DRIERS, 
A SPECIALTY. 


NEW YORK, 68 Beekman St. CLINTON WIRE CLOTH CoO., 
CHICAGO, 148 Lake St. CLINTON, MASS. 


HUBBARD’S DETECTOR FOR WATCHMEN; 
FOR USE IN MILLS, STORES, WAREHOUSES, ETC. 

This electric watch clock is constructed upon the new principle 
of using a closed circuit, whereby an alarm is given, in case of an 
accident to the apparatus. A single clock records the work of any 
number of watchmen, and gives an alarm in case of their negligence 
of duty, or tampering with the apparatus; it also serves as a time- 
piece for the office. 


C. W. HUBBARD, 83 Commercial St., Boston, Mass. 


“BEE HIVE BRAND” 


FELT ROOFING. 


MORE THAN N 85,000,000 SQUARE FEET IN USE 


vrow 


Manufacturing Corporations, 
PUBLIC BUILDINGS, DWELLINGS AND WAREHOUSES. 


‘From an experience of Twenty-nine years in all climates, pronounced superior te any ether for 
FLAT-ROOFED STRUCTURES. 
Over Twenty-five Acres of this Roofing now in wear on the Burnt District, Boston, covered since 
the great fire of 1872. 
Samples of this Koofimg (removed after Twenty-one years’ service) can be seen at the office of the 
Manufacturers, giving proo/ positive of its durability. 
From the very large numberof CORPORATIONS IN NEW 
Roofing in use, for periods ranging from SEVEN to TWENTY- z 
quantity from 10,000 square feet to SIX ACRES, the following are selected :— 


Amuncrox Muss, - = 200,000 5q, feet.) WassuTTa Mitus, — ~ 62,500 54. feet. 
ATLANTIC Mitts, « 4S000 | Poromsxa Minis, - ° 200,000 ** 
Evexerr Mitts, 2 = Dwicur Mancr.Co. - = 170000 “ 

we eTON Mics, - Cinicoree Maxur. C m 100,000 
Paciric Muss, . - Freeman Manur. Co. - gBcoo “ 
Wasttncron Mitts, : Anxoto Prinr Works, = M00 
Maxnntack MAN : Asimnican Prise Wonks, ~ ooo 

LL MANU. Co. + Munchare’ Mais, = Gao 
Lawkence Manur. Co. - Bawxako Muss, - 42$00 “ 
Arruwrox Maxur, Co. ~ Werramon Muts, Ingo 


Hamittox Maxvr, Co. 


Mancnestex 


ts & Paar Wi ks, Jo0000 


‘Tremont ano Surrouk Mitt s, AmosxtaG Manu; - 4goy00 
Massacnuserrs Corron Mitis, Lanovon Manur Co, - 7sn00 “ 
Boorr Corron Miuas,  - Cocnaco Pair Works, - 3g.cco 
Lowent. Macnine - Cocunco Maxur. Co. - 148000 “ 

Contivenrat Muis, - aooco 

York Manur. Co. - - 120000 “* 
Wasnnukn & Moen Mayer. Co, 23085 Parrenei Manur. Co. - 2gp000 
G, H, Gicexer Manor, bocco Onverrat Muss, - poo “ 
Wurrrenton Manor. to. 150,000 “* Loxspare Co. - - Yojooo * 


By the plan originating with the Proprictors of the “BEE HIVE BRAND" ROOFING, i 
the locating of PRACTICAL ROOFERS at all important centres, provided with every facility 
for the prosecution of the business, all contracts will be executed with 
promptness and by the most approved methods. 


For further particulars address— 


pa NEW ENGLAND FELT ROOFING C0, 


OUT. Prost, 


JL Reoo, Treas, 


22 MILK STREET, BOSTON, MASS 


WARRHIN’S 
NATURAL ASPHALT ROOFING. 


ANCHOR BRAND. 


An outgrowth of over thirty-five years’ experience in felt and gravel 
roofing, in both warm and cold climates, embracing about twenty- 
eight years in New England and Canada. 


TRADE MARK, 

‘The chief advantage of this Roofing consists in its great durability Thisisdueto the remark 
ab'e fact that the Natural Asphalt Materials are met arena affected by Se ty oepor ogo 
ees? gp that they wil. met waste and become brittie, ike coat-tar materials, by ema poration. 

Thin Rooks is slresdy in extensive use ona lasge number of the most coal tnd legant mer- 
cantile buildings, dwellings, manulactoriey railroad buildings, etc., many of whi areof great val ue 
and enormous dimensions; an ieeverean millions of square feet of it having been laid 
within the last five years, We select t oralesiog fon our numerous 


REFERENCES. 


pa Mfg Co., Adams, aes 
Mills, Lawrence, Mass. . 
"0, 


Foe Guanes 


Cather ere co Ge Warren, B. 


Liverpool, London & Globe i 
nited Bank Building, Broadwa ist re Ne 
Dalon Le le Che Hones, FIRE louse, FIRB Avenue and ah, Street, New York. 
0." Je 
Ansett Bo meng Co. os Morea pa ‘south inh a 
ose argh. Pa. 
Asperican Oak Leathi Leather Co, Ctncien 


Boston Herald, Bost 
Hon. Chas. Frac Adan Boston, Mase. “Seventh Regiment New Anoty saw ae 
foward Bank z York. 


: 


Tah j. Basal se a, peel pee tere 
exe 
HH, C2 Wilcox, Meriden, ‘Cone. Wn: B Bement & Son, oa, Philadephia, 
Meriden Britannia Co., Conn, Hon. Zach. Chand 
copatplliiety ERStiSiiar ita oe 
“E. H. Benoist; St. Louis, Mo. Cleveland Paper Coy Cleveland, Ohio. 


Ev 


Wiseoan Building, Milwaukee. Chandler & Taylor, 
anion House, Milwaukee, Merchant’ 


nn R. OR Buell, Se Joh, 3 B. 
Used: by many of the best Architects. and Leading Builder, Send for Pamphlet Circalar 
WARREN CHEMICAL & M'F’G CO., 


48 John Street, New York. 2 
Esrantisnnn 18556 75 Milk Street, Boston. Ixconrorarsn 1858, 


TERT aust ELECZp,§ 
Brush Elect Liot Machines, Lamps & Carhns, 


Brash Electro-plating Machines and Apparatus, 


PACTORY BUILDINGS. 


DS RTICEINAL AMEE dans, CLEVELAND, OHIO, U.S-A. 


OFFICE, No.379 Euclid Avenue, 


EASTERN AGENTS. 
BRUSH ELECTRIC LIGHT COMPANY OF N. E. 


Offices in Boston, No. 209 Washington St., Rogers Building. 
Offices in New York, No. 853 Broadway, Domestic Building. 


THE BRUSH ELECTRIC COMPANY. the “ parent company,” has the sole and exclusive 
right for this country to manufacture the various electrical inventions of Charles F. Brush, 
M.E., Ph.D. The most prominent of these inventions are his 


Dyname-viectsic Machizes, Apparates Fer Treducing Power from Electricity, 
Electric Lemys, Cartecs, Aztomatic Currest Cersreers, 
Apparstes {:2 the Storage cf Klectsicy, Apparates fez Electro-platizg, Ete., Etc,, Ete, 


‘These inventions are protected by a large number of patents, which have been secured with 
the greatest pains, and are rightly considered to be the most valuable patents of the kind ever ob 
tained. 

‘The Rrush Electric Light apparatus conforms in every respect to the requirements of the In- 
surance Companies. It can be used with entire safety in mills, factories, stores, etc.; and in places 
where any other method of illumination is out of the question, 


Over 16,000 Lights in Use. 


4 


